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Study 159: Aerial Inventories of Waterfowl in Illinois 
Objectives 
 We will aerially identify and enumerate ducks, geese, swans, and select other waterbirds 
at selected sites in the Illinois and central Mississippi river valleys of Illinois during autumn and 
early winter and summarize and distribute these data to conservation partners and the general 
public. Specifically, we will:  
• Identify and enumerate waterfowl and select other waterbirds along the Illinois and 
central Mississippi rivers of Illinois during autumn (≥40 sites) and spring migration (≥40 
sites) using light aircraft,  
• Compute annual use-days and peak abundances for observed species and compare with 
long-term averages,  
• Provide general inference regarding the distribution of waterfowl in space and time 
relative to habitat conditions, and 
• Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral presentations, 
technical reports, peer-reviewed publications, and other means. 
 
Introduction 
The Illinois and Mississippi river valleys are major migration and wintering areas for 
nearly 30 species of waterfowl in the Mississippi Flyway.  Additionally, these regions provide 
significant recreational opportunities (e.g., hunting and bird watching).  Data from aerial 
inventories are used to direct waterfowl management, habitat acquisition, ecological research, 
and for public outreach.  There are many important private, state, and federal waterfowl areas 
and refuges within these river floodplains, such as the Mark Twain National Wildlife Refuge 
(NWR), the Illinois River National Wildlife and Fish Refuges, and Keokuk Pool.  The Illinois 
Natural History Survey (INHS), with support from the Illinois Department of Natural Resources 
(IDNR) and the Federal Aid in Wildlife Restoration Fund through the U.S. Fish and Wildlife 
Service (USFWS), has conducted aerial inventories of waterfowl along the Illinois and 
Mississippi rivers since 1948 (flown each year but 2001). This undertaking represents the 
longest known inventory of waterfowl, preceding even the USFWS breeding waterfowl counts 
and mid-winter inventories established in 1955.  Therefore, 72 years of data exist on autumn-
migrating waterfowl for these critical ecoregions, collected by only 4 observers.  However, 
Aaron Yetter, retired in spring 2021, and Joshua Osborn with replace Yetter as the 5th observer 
of the survey during autumn 2021. 
Aerial inventory data are frequently requested and used by federal and state agencies for 
regulatory decisions, evaluation of management or enhancement projects, and conservation 
prioritization.  Specifically, the IDNR relies on these inventories to guide the establishment of 
hunting season dates, zones, and other regulations and to prioritize wetland habitat acquisitions. 
Previously, this database has been used by the Mississippi Flyway Technical Section and 
Council to monitor abundance and distribution of migrating waterfowl, especially canvasbacks, 
mallards, and northern pintails.  Requests for inventory information are received annually from 
state, federal, and private-sector employees to be used for projects such as Environmental 
Management Programs, scientific publications, theses and dissertations, formal presentations, 
and newspaper and magazine articles. Further, the long-term nature of this dataset makes it 
particularly unique and valuable; therefore, it was essential that the autumn inventory database 
continue to be summarized and maintained for future analyses.  We monitored waterfowl in 
Illinois to maintain this long-term dataset, evaluated spatial and temporal variation in abundance 
and distribution of waterfowl, and presented these data concisely to aid waterfowl and wetland 
management decisions in this region. 
Methods 
The INHS began aerial inventories of waterfowl during autumn migration in the Illinois 
and Mississippi river floodplains in 1948.  Initially, these flights were conducted weekly from 1 
September to mid-December, and the winter inventory in early January was added in 1955.  
More recently, we scheduled four flights in September and weekly flights from the second week 
of October through early January to better overlap with important migration periods of 
waterbirds in our study region.  We used fixed-wing aircraft to conduct aerial inventories of 
waterfowl and other waterbirds present at selected sites along the Illinois (IRV; Hennepin to 
Grafton, IL) and central Mississippi river valleys (CMRV; Grafton to near New Boston, IL) 
during autumn and early winter (Fig. 159.1; Havera 1999).  One observer conducted all 
inventories from a single-engine, fixed-wing aircraft flying at an altitude of <450 ft and 150–160 
mph (Havera 1999, Stafford et al. 2007). 
During each flight in autumn, we inventoried 18–25 areas (Sanganois SFWA, Illinois 
River, returned to the list of inventoried sites in 2017 and Powerton Lake was added back in in 
2019 since their elimination in autumn 2000) in each river valley that typically host the majority 
of waterfowl in the region (Horath and Havera 2002).  We recorded the number and species 
composition of waterfowl at each site, and survey methods mirrored previous years to maintain 
consistency with past inventories (Table 159.1; Havera 1999).  We also noted river water levels 
and resulting foraging habitat quality for waterfowl during autumn and spring migrations (Fig. 
159.2).  In addition, we inventoried 61 locations for waterfowl in the IRV and 43 
locations/regions of the CMRV during spring 2021 (Fig. 159.3).  We computed waterfowl use 
days (Stafford et al. 2007) and peak abundance estimates for the IRV and CMRV during autumn 
and made comparisons between the current waterfowl abundance and the most recent 5-year 
average.   
Results and Discussion 
Autumn Wetland Habitat Conditions 
We ranked wetland habitat conditions for migratory waterfowl and noted river stage 
readings during the growing season and migration periods.  Water levels along the Illinois and 
Mississippi rivers receded in late July allowing for a drawdown at many waterfowl sanctuaries 
(Fig. 159.2).  Water levels remained relatively low during autumn migration, and we did not see 
increased river levels until February 2021.  Overall food resources along both rivers were above 
average during autumn 2020 and spring 2021.  In contrast, the submersed aquatic vegetation on 
Pool 19 of the Mississippi River was scarce; however, the lotus beds (Nelumbo lutea) at 
Hamilton and Nauvoo, Illinois and Montrose, Iowa appeared to be in good condition. 
Autumn Waterfowl Inventories 
We completed 16 weekly aerial inventories of the IRV and 15 surveys of the CMRV 
during autumn migration beginning 2 September 2020 and ending 5 January 2020 (Appendix 
159.1).  Cold weather in the prairies brought above average numbers of dabblers to the IRV and 
CMRV in mid-October.  The IRV remained about average numbers until mid-November when 
mild weather allowed the dabblers to persist.  We witnessed a similar pattern for the CMRV; 
however, ducks were above average for most of the fall.  A cold weather pattern hit in late-
November and early-December for about a week, and we iced up.  Significant ice was recorded 
in the December 2nd survey of both rivers.  By December 10th, most of the ice was gone but a 
large portion of the ducks departed.  The remaining ducks stayed around until we froze again 
around Christmas.  We remained frozen for the next two weeks, pushing most of the remaining 
ducks south.  We had below average numbers of ducks on the midwinter inventory.  We 
speculate the canvasbacks overflew central Illinois during the Christmas freeze. 
Peak abundance of ducks ranked 46th in the IRV (427,525 total ducks) out of the 72 
years we have been monitoring waterfowl along these rivers (Fig. 159.4, Table 159.2).   Peak 
duck numbers in the CMRV (830,485 total ducks) ranked 15th overall since 1948 (Fig. 159.5).  
Waterfowl use-day estimates for most species and guilds were well above those encountered in 
autumn 2019 and during the most recent 5-yr average (Table 159.3, Fig. 159.6).  Total duck use 
days of the Illinois River were 84% and 40% greater than the 2019 estimates and the 2015–2019 
average, respectively.  Total duck use days along the IRV in autumn 2020 ranked 33rd out of the 
last 72 years of waterfowl monitoring.  Likewise, along the CMRV, total duck use days were 
83% above those encountered in autumn 2019 and 17% above the 5-yr average.  Duck use days 
ranked 14th in the CMRV since monitoring began in 1948.  Canvasback use days witnessed 
along both rivers were well below the 5-yr average.  We estimated 1,064,993 canvasback use 
days along the central Mississippi River during autumn 2020, which was 23% below the 2015–
2019 average.  Likewise, canvasbacks were down 28% from the 5-yr average along the IRV.  
Canvasbacks likely overflew central Illinois during the mid- to late-December freeze up. 
In the IRV, peak abundance of total ducks for 2020 occurred on 17 November (427,525); 
this estimate was 71% above the 2019 peak (250,455) and 28% above the most recent 5-yr 
average 334,000 (Table 159.2).  Peak counts of waterfowl in the IRV over the last 10 years have 
varied chronologically from 17 November (2020), 5 November (2019), 14 November (2018), 13 
November (2017), 14 November (2016), 2 November (2015), 5 November (2014), 8 November 
(2013), 12 December (2012), to 15 November (2011). 
Duck abundance peaked on 12 December in the CMRV (Fig. 159.5).  Total ducks peaked 
in the CMRV at 830,485 birds, which was 57% above levels observed in 2019 (527,935) and 
were 7% greater than the 5-yr average (774,293) (Table 159.2).  Peak abundance of total ducks 
has varied from 14 November to 14 December over the last 10 years:  2020 (12 December), 2019 
(14 November), 2018 (14 November), 2017 (14 December), 2016 (12 December), 2015 (3 
December), 2014 (25 November), 2013 (29 November), 2012 (12 December), and 2011 (30 
November).  Peak abundance of total ducks for the two river systems combined (1,253,380) was 
94% above the peak in 2019 (714,350) and 20% above the 5-yr average (1,046,483). 
Autumn use-day estimates for total ducks were greater in the IRV and CMRV in 2020 
than 2019 (23,501,828 [84%], and 30,900,250 [83%], respectively; Table 159.3; Fig. 159.6).  
Dabbling duck use days (20,950,833) in 2020 were up 112% along the IRV when compared to 
2019, which was likely due to the early freeze-up in mid-November and below average forage in 
the IRV during autumn 2019.  Likewise, CMRV dabbling duck use days (26,196,780) in 2020 
were 78% up from 2019 estimates (Table 159.3).  Mallard use days along the CMRV were up 
30% and 12% compared to 2019 and the 5-yr average, respectively (Table 159.3).  Similarly, on 
the IRV, mallards were up 91% and 57% from 2019 and the 5-yr average.  Since the inception of 
the waterfowl inventory in 1948, total duck use days in the IRV ranked 33rd in 2020.  Total duck 
use days in the CMRV ranked 14th out of 72 years. 
Total diving duck use-day estimates in the IRV during autumn were 11% lesser in 2020 
than 2019 (2,546,385 and 2,870,638 respectively; Table 159.3).  However, autumn diving duck 
use days were up 113% along the CMRV in 2020 compared with 2019.  Autumn use days for 
lesser scaup were up in the IRV (+35%) and CMRV (+165%) relative to 2019.  The majority 
(65%) of the autumn diving duck use days along both river systems (7,249,345) was attributed to 
the CMRV this year (4,702,960).   
Spring Waterfowl Inventories 
We completed 6 of 8 (75%) weekly aerial inventories of the IRV and 5 of 8 (62.5%) 
CMRV inventories during spring migration beginning 3 March 2021 and ending 22 April 2021 
(Appendix 159.1, Figs. 159.7–8).  The Covid-19 Pandemic and Governor Pritzker’s Stay-at-
Home Executive Order during spring 2020 prevented comparisons with spring 2020 migrations.   
Cold weather during February 2021 delayed the onset of spring migration until late-
February – early-March.  Peak numbers of total ducks during spring 2021 (347,735) were 61% 
above the 1996–2000 average for the IRV, and total ducks peaked 25% above the 1996–2000 
average in the CMRV (Table 159.4).  Total ducks peaked on March 12th along both rivers during 
spring 2021.  This was about 1 week early than peak numbers of ducks in the IRV during spring 
2019 (18 March) but 2 weeks delayed from the peak on the CMRV in spring 2019 (27 February).  
Total duck use days during spring 2021 were greater along the IRV (+87%) and CMRV (+41%) 
than the 1996–2000 average (Table 159.5).  In the future, we will make further comparisons 
using spring inventory data as more data accumulates in the most recent 10-yr average.         
Outreach 
We distributed weekly summaries of waterfowl numbers to Illinois Department of 
Natural Resources and the public.  In addition, we prepared 16 weekly blogs that were 
distributed to the Mason and Fulton County Democrat and Chicago Sun-Times newspapers.  Our 
blog was posted on our webpage, www.bellrose.org, and the Forbes Biological Station Facebook 
page.  The Facebook Blogs had a reach of 725,060 viewers, and a weekly average of 45,316 
views.  
Publications 
We published a manuscript from prior work involving the aerial inventories of waterfowl 
in the IRV. 
Gilbert, A. D., C. N. Jacques, J. D. Lancaster, A. P. Yetter, and H. M. Hagy.  2021.  Visibility 
bias of waterbirds during aerial surveys in the nonbreeding season.  Wildlife Society Bulletin 
45(*):10.  DOI:  10.1002/wsb.1150 
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Figure 159.1 Locations in the Illinois and central Mississippi river valleys aerially inventoried 
for waterfowl by the Illinois Natural History Survey, autumn 2020.  
 
 
Figure 159.2 Water levels of the Illinois and Mississippi rivers during autumn 2020 and spring 


















Figure 159.3 Locations in the Illinois and central Mississippi river valleys aerially inventoried 




Figure 159.4 Estimated abundance of dabbling ducks, diving ducks, and total ducks observed 





Figure 159.5 Estimated abundance of dabbling ducks, diving ducks, and total ducks observed 
during autumn 2020 in the central Mississippi River valley in relation to the most recent 10-yr 




Figure 159.6 Total duck use-day estimates observed during autumns 1948–2020 in the Illinois 










Figure 159.7 Estimated abundance of dabbling ducks, diving ducks, and total ducks observed 





Figure 159.8 Estimated abundance of dabbling ducks, diving ducks, and total ducks observed 
during spring 2021 in the central Mississippi River valley.  
  
Table 159.1 Avian species encountered during autumn 2020 and spring 2021 aerial inventories 
of the Illinois and central Mississippi rivers. 
 
Common Name/Species Group Scientific Namea Abbreviation 
   
Dabbling ducks 
  
Mallard Anas platyrhynchos MALL 
American black duck Anas rubripes ABDU 
Northern pintail Anas acuta NOPI 
Blue-winged teal Spatula discors BWTE 
Green-winged teal Anas crecca GWTE 
American wigeon Mareca americana AMWI 
Gadwall Mareca strepera GADW 
Northern shoveler Spatula clypeata NSHO 
   
Diving ducks 
  
Lesser scaup Aythya affinis LESC 
Ring-necked duck Aythya collaris RNDU 
Canvasback Aythya valisineria CANV 
Redhead Aythya americana REDH 
Ruddy duck Oxyura jamaicensis RUDU 
Common goldeneye Bucephala clangula COGO 
Bufflehead Bucephala albeola BUFF 
   
Mergansers 
  
Common merganser Mergus merganser COME 
Hooded merganser Lophodytes cucullatus HOME 
   
Geese 
  
Greater white-fronted goose Anser albifrons GWFG 
Canada goose Branta canadensis CAGO 
Snow goose Chen caerulescens LSGO 
   
American coot Fulica americana AMCO 
   
American white pelican Pelecanus erythrorhynchos  AWPE 
a According to the American 








Table 159.2 Peak abundance estimates of various species of waterfowl during falls 2019 and 
2020, the average for 2015-2019 and the percent change (Δ) between 2020 and periods of 
interest. 
  
Species and Regions 2019 2020
2015─2019 
Average
% Δ from 
2019
% Δ from 
2015─2019
Mallard
Illinois River 115,740 299,935 180,113 159 67
Central Mississippi River 372,060 451,785 469,450 21 -4
Illinois & Mississippi Rivers 471,040 751,720 644,250 60 17
American black duck
Illinois River 650 1,730 681 166 154
Central Mississippi River 165 670 562 306 19
Illinois & Mississippi Rivers 770 2,400 1,193 212 101
Northern pintail
Illinois River 54,215 60,200 57,862 11 4
Central Mississippi River 73,800 123,725 104,408 68 19
Illinois & Mississippi Rivers 104,425 147,835 143,459 42 3
Blue-winged teal
Illinois River 24,835 45,240 27,370 82 65
Central Mississippi River 5,310 9,910 9,489 87 4
Illinois & Mississippi Rivers 30,145 55,150 35,970 83 53
American green-winged teal
Illinois River 33,750 78,150 62,270 132 26
Central Mississippi River 17,500 93,165 65,572 432 42
Illinois & Mississippi Rivers 42,750 162,150 114,077 279 42
American wigeon
Illinois River 6,905 5,820 3,712 -16 57
Central Mississippi River 1,600 3,245 2,947 103 10
Illinois & Mississippi Rivers 8,505 9,065 5,302 7 71
Gadwall
Illinois River 34,490 55,040 40,476 60 36
Central Mississippi River 30,450 49,150 51,388 61 -4
Illinois & Mississippi Rivers 63,025 104,190 84,162 65 24
Northern shoveler
Illinois River 13,670 38,075 22,377 179 70
Central Mississippi River 5,600 35,325 19,358 531 82
Illinois & Mississippi Rivers 18,700 68,420 36,643 266 87
Dabbling ducks
Illinois River 199,735 375,350 273,009 88 37
Central Mississippi River 467,795 724,915 608,911 55 19
Illinois & Mississippi Rivers 594,510 1,097,865 831,789 85 32
Table 2.  Peak bundance estimates of various species of waterfowl during falls 2019 and 2020, the 
av age for 2015─2019 and the percent change (Δ) between 2020 and periods of interest.
 
  
Table 2.  Continued.
Species and Regions 2019 2020
2015─2019 
Average
% Δ from 
2019
% Δ from 
2015─2019
Lesser scaup
Illinois River 8,790 6,760 9,254 -23 -27
Central Mississippi River 19,500 34,000 27,982 74 22
Illinois & Mississippi Rivers 28,290 40,150 33,512 42 20
Ring-necked duck
Illinois River 39,270 31,060 29,296 -21 6
Central Mississippi River 45,970 46,500 64,799 1 -28
Illinois & Mississippi Rivers 85,240 70,610 89,865 -17 -21
Canvasback
Illinois River 11,625 4,105 7,941 -65 -48
Central Mississippi River 17,520 49,010 113,780 180 -57
Illinois & Mississippi Rivers 25,005 49,560 120,118 98 -59
Redhead
Illinois River 700 790 725 13 9
Central Mississippi River 310 1,000 627 223 59
Illinois & Mississippi Rivers 920 1,000 1,032 9 -3
Ruddy duck
Illinois River 19,130 15,930 35,243 -17 -55
Central Mississippi River 3,550 22,050 13,989 521 58
Illinois & Mississippi Rivers 22,680 37,570 43,644 66 -14
Common goldeneye
Illinois River 12,150 4,890 9,044 -60 -46
Central Mississippi River 13,565 15,260 21,210 12 -28
Illinois & Mississippi Rivers 25,715 18,325 29,620 -29 -38
Bufflehead
Illinois River 1,705 1,150 1,970 -33 -42
Central Mississippi River 3,100 3,900 4,830 26 -19
Illinois & Mississippi Rivers 3,300 5,050 6,432 53 -21
Diving ducks
Illinois River 71,105 53,530 72,791 -25 -26
Central Mississippi River 72,170 133,080 201,307 84 -34
Illinois & Mississippi Rivers 143,275 185,380 257,253 29 -28
Total mergansers
Illinois River 3,715 330 1,680 -91 -80
Central Mississippi River 3,455 65 1,858 -98 -97
Illinois & Mississippi Rivers 7,170 395 3,483 -94 -89
 
  
Species and Regions 2019 2020
2015─2019 
Average
% Δ from 
2019
% Δ from 
2015─2019
Total  ducks
Illinois River 250,455 427,525 334,000 71 28
Central Mississippi River 527,935 830,485 774,293 57 7
Illinois & Mississippi Rivers 714,350 1,253,380 1,046,483 75 20
Greater white-fronted goose
Illinois River 14,720 26,850 10,528 82 155
Central Mississippi River 20,050 25,150 11,046 25 128
Illinois & Mississippi Rivers 25,650 52,000 18,435 103 182
Canada goose
Illinois River 8,530 10,275 8,055 20 28
Central Mississippi River 8,055 10,930 10,628 36 3
Illinois & Mississippi Rivers 15,635 20,750 17,866 33 16
Lesser snow goose
Illinois River 2,000 10,500 5,727 425 83
Central Mississippi River 2,205 8,100 6,761 267 20
Illinois & Mississippi Rivers 4,205 15,200 11,278 261 35
American coot
Illinois River 187,550 85,220 166,616 -55 -49
Central Mississippi River 33,300 30,720 40,495 -8 -24
Illinois & Mississippi Rivers 220,850 115,940 191,859 -48 -40
Table 2.  Continued.
Table 159.3 Use-day estimates of waterfowl during autumn 2019 and 2020, the average for 
2015-2019 and the percent change (Δ) between 2020 and periods of interest. 
 
Species and Regions 2019 2020
2015─2019 
Average
% Δ from 
2019
% Δ from 
2015─2019 
Mallard
Illinois River 5,028,083 9,616,568 6,135,764 91 57
Central Mississippi River 10,016,438 13,036,743 11,636,775 30 12
Illinois & Mississippi Rivers 15,044,520 22,653,310 17,772,539 51 27
American black duck
Illinois River 14,993 29,598 17,204 97 72
Central Mississippi River 4,453 13,083 6,717 194 95
Illinois & Mississippi Rivers 19,445 42,680 23,921 119 78
Northern pintail
Illinois River 1,728,813 2,605,643 2,349,027 51 11
Central Mississippi River 3,023,465 4,664,060 4,546,955 54 3
Illinois & Mississippi Rivers 4,752,278 7,269,703 6,895,982 53 5
Blue-winged teal
Illinois River 564,083 857,003 594,030 52 44
Central Mississippi River 81,923 249,133 208,865 204 19
Illinois & Mississippi Rivers 646,005 1,106,135 802,895 71 38
American green-winged teal
Illinois River 980,885 4,126,410 2,508,043 321 65
Central Mississippi River 802,770 4,522,610 2,663,127 463 70
Illinois & Mississippi Rivers 1,783,655 8,649,020 5,171,169 385 67
American wigeon
Illinois River 139,663 146,395 96,420 5 52
Central Mississippi River 25,845 118,555 52,214 359 127
Illinois & Mississippi Rivers 165,508 264,950 148,634 60 78
Gadwall
Illinois River 1,014,495 1,998,653 1,450,994 97 38
Central Mississippi River 583,750 2,351,365 1,827,484 303 29
Illinois & Mississippi Rivers 1,598,245 4,350,018 3,278,478 172 33
Northern shoveler
Illinois River 397,435 1,570,565 836,211 295 88
Central Mississippi River 142,213 1,241,233 663,871 773 87
Illinois & Mississippi Rivers 539,648 2,811,798 1,500,082 421 87
Dabbling ducks
Illinois River 9,868,448 20,950,833 13,987,692 112 50
Central Mississippi River 14,680,855 26,196,780 21,606,006 78 21
Illinois & Mississippi Rivers 24,549,303 47,147,613 35,593,698 92 32
Table 3.  Use-day estimates of waterfowl during autumn 2019 and 2020, the average for 2015─2019 and the 
percent change (Δ) between 2020 and periods of interest.
 
  
Table 3.  Continued.
Species and Regions 2019 2020
2015─2019 
Average
% Δ from 
2019
% Δ from 
2015─2019 
Lesser scaup
Illinois River 193,405 260,588 192,632 35 35
Central Mississippi River 336,835 890,975 693,364 165 29
Illinois & Mississippi Rivers 530,240 1,151,563 885,996 117 30
Ring-necked duck
Illinois River 1,356,925 1,280,880 953,246 -6 34
Central Mississippi River 1,104,730 1,647,570 1,805,491 49 -9
Illinois & Mississippi Rivers 2,461,655 2,928,450 2,758,737 19 6
Canvasback
Illinois River 238,450 118,555 165,329 -50 -28
Central Mississippi River 383,780 1,064,993 1,382,632 178 -23
Illinois & Mississippi Rivers 622,230 1,183,548 1,547,960 90 -24
Redhead
Illinois River 12,275 15,353 13,378 25 15
Central Mississippi River 4,215 17,000 10,059 303 69
Illinois & Mississippi Rivers 16,490 32,353 23,437 96 38
Ruddy duck
Illinois River 856,728 761,723 1,318,106 -11 -42
Central Mississippi River 128,248 717,765 480,326 460 49
Illinois & Mississippi Rivers 984,975 1,479,488 1,798,432 50 -18
Common goldeneye
Illinois River 192,863 83,140 84,974 -57 -2
Central Mississippi River 197,553 265,203 282,280 34 -6
Illinois & Mississippi Rivers 390,415 348,343 367,254 -11 -5
Bufflehead
Illinois River 19,993 26,148 32,224 31 -19
Central Mississippi River 50,468 99,455 82,671 97 20
Illinois & Mississippi Rivers 70,460 125,603 114,895 78 9
Diving ducks
Illinois River 2,870,638 2,546,385 2,759,889 -11 -8
Central Mississippi River 2,205,828 4,702,960 4,736,821 113 -1
Illinois & Mississippi Rivers 5,076,465 7,249,345 7,496,709 43 -3
Total mergansers
Illinois River 38,713 4,610 20,836 -88 -78
Central Mississippi River 8,560 500 13,417 -94 -96
Illinois & Mississippi Rivers 47,273 5,110 34,252 -89 -85
 
  
Table 3.  Continued.
Species and Regions 2019 2020
2015─2019 
Average
% Δ from 
2019
% Δ from 
2015─2019 
Total  ducks
Illinois River 12,777,798 23,501,828 16,768,416 84 40
Central Mississippi River 16,895,243 30,900,240 26,356,243 83 17
Illinois & Mississippi Rivers 29,673,040 54,402,068 43,124,659 83 26
Greater white-fronted goose
Illinois River 124,088 750,523 160,286 505 368
Central Mississippi River 275,660 832,440 263,099 202 216
Illinois & Mississippi Rivers 399,748 1,582,963 423,385 296 274
Canada goose
Illinois River 380,303 448,155 387,829 18 16
Central Mississippi River 286,258 544,478 426,702 90 28
Illinois & Mississippi Rivers 666,560 992,633 814,531 49 22
Lesser snow goose
Illinois River 15,983 223,635 52,212 1,299 328
Central Mississippi River 19,248 159,423 79,470 728 101
Illinois & Mississippi Rivers 35,230 383,058 131,681 987 191
American coot
Illinois River 3,513,106 2,307,815 5,071,062 -34 -54
Central Mississippi River 537,310 732,680 1,394,764 36 -47
Illinois & Mississippi Rivers 4,050,416 3,040,495 6,465,826 -25 -53
Table 159.4 Peak abundance estimates of various species of waterfowl during spring 2019 and 
2021, the average for 1996-2000 and the percent change (Δ) between 2021 and periods of 
interest.  
 
Species and Regions 2019 2021
1996─2000 
Average
% Δ from 
2019
% Δ from 
1996─2000
Mallard
Illinois River 63,610 75,985 139,794 19 -46
Central Mississippi River 129,135 28,625 63,160 -78 -55
Illinois & Mississippi Rivers 192,745 90,165 197,768 -53 -54
American black duck
Illinois River 10 230 3,024 2200 -92
Central Mississippi River 15 0 184 -100 -100
Illinois & Mississippi Rivers 15 125 3,057 733 -96
Northern pintail
Illinois River 3,325 55,265 24,757 1562 123
Central Mississippi River 17,230 18,800 13,928 9 35
Illinois & Mississippi Rivers 18,590 64,395 35,472 246 82
Blue-winged teal
Illinois River 555 5,495 3,813 890 44
Central Mississippi River 1,510 775 1,344 -49 -42
Illinois & Mississippi Rivers 2,065 6,270 4,501 204 39
American green-winged teal
Illinois River 12,390 26,680 15,882 115 68
Central Mississippi River 4,825 19,830 4,037 311 391
Illinois & Mississippi Rivers 16,275 46,510 18,857 186 147
American wigeon
Illinois River 585 1,650 3,259 182 -49
Central Mississippi River 300 250 2,214 -17 -89
Illinois & Mississippi Rivers 795 1,715 4,561 116 -62
Gadwall
Illinois River 12,085 22,565 4,305 87 424
Central Mississippi River 24,085 12,385 2,688 -49 361
Illinois & Mississippi Rivers 30,405 32,125 5,866 6 448
Northern shoveler
Illinois River 10,090 27,350 8,385 171 226
Central Mississippi River 7,900 9,510 8,706 20 9
Illinois & Mississippi Rivers 17,990 34,545 15,997 92 116
Dabbling ducks
Illinois River 71,790 191,760 177,321 167 8
Central Mississippi River 179,065 65,290 76,372 -64 -15
Illinois & Mississippi Rivers 250,855 257,050 245,277 2 5
Table 4.  Peak abundance estimates of various species of waterfowl during spring 2019 and 2021, the 
average for 1996─2000 and the percent change (Δ) between 2021 and periods of interest.
 
  
Table 4.  Continued.
Species and Regions 2019 2021
1996─2000 
Average
% Δ from 
2019
% Δ from 
1996─2000
Lesser scaup
Illinois River 102,570 68,995 14,568 -33 374
Central Mississippi River 42,465 60,845 78,340 43 -22
Illinois & Mississippi Rivers 131,905 129,840 89,910 -2 44
Ring-necked duck
Illinois River 44,625 58,860 14,345 32 310
Central Mississippi River 27,040 44,515 16,590 65 168
Illinois & Mississippi Rivers 71,665 103,375 27,370 44 278
Canvasback
Illinois River 39,980 40,580 11,114 2 265
Central Mississippi River 20,390 101,980 57,814 400 76
Illinois & Mississippi Rivers 60,370 142,560 64,841 136 120
Redhead
Illinois River 2,060 1,265 215 -39 488
Central Mississippi River 510 1,430 1,840 180 -22
Illinois & Mississippi Rivers 2,570 1,840 1,970 -28 -7
Ruddy duck
Illinois River 30,175 24,315 1,601 -19 1419
Central Mississippi River 6,055 5,790 1,796 -4 222
Illinois & Mississippi Rivers 35,800 12,220 2,669 -66 358
Common goldeneye
Illinois River 5,250 5,380 4,097 2 31
Central Mississippi River 10,385 6,505 1,757 -37 270
Illinois & Mississippi Rivers 15,635 11,460 5,570 -27 106
Bufflehead
Illinois River 3,765 2,620 277 -30 846
Central Mississippi River 1,255 4,895 4,514 290 8
Illinois & Mississippi Rivers 4,250 6,855 4,745 61 44
Diving ducks
Illinois River 176,220 155,595 39,303 -12 296
Central Mississippi River 89,175 174,630 132,436 96 32
Illinois & Mississippi Rivers 265,395 330,225 168,275 24 96
Total mergansers
Illinois River 10,185 6,720 17,467 -34 -62
Central Mississippi River 9,970 14,990 13,472 50 11






Species and Regions 2019 2021
1996─2000 
Average
% Δ from 
2019
% Δ from 
1996─2000
Total  ducks
Illinois River 223,655 347,735 215,861 55 61
Central Mississippi River 242,325 240,530 192,496 -1 25
Illinois & Mississippi Rivers 374,570 588,265 399,316 57 47
Greater white-fronted goose
Illinois River 60,670 40,440 0 -33 -
Central Mississippi River 64,370 39,210 0 -39 -
Illinois & Mississippi Rivers 125,040 79,650 0 -36 -
Canada goose
Illinois River 13,935 16,715 25,118 20 -33
Central Mississippi River 9,445 8,640 9,987 -9 -13
Illinois & Mississippi Rivers 22,300 25,355 32,498 14 -22
Lesser snow goose
Illinois River 297,710 99,650 7,136 -67 1,296
Central Mississippi River 214,100 71,565 9,054 -67 690
Illinois & Mississippi Rivers 401,985 171,215 15,496 -57 1,005
American coot
Illinois River 8,505 24,190 23,881 184 1
Central Mississippi River 7,455 4,843 25,267 -35 -81
Illinois & Mississippi Rivers 15,960 16,430 48,357 3 -66
Table 4.  Continued.
Table 159.5 Use-day estimates of waterfowl during spring 2019 and 2021, the average for 1996-
2000 and the percent change (Δ ) between 2021 and periods of interest 
 
  
Species and Regions 2019 2021
1996─2000 
Average
% Δ from 
2019
% Δ from 
1996─2000 
Mallard
Illinois River 1,511,085 2,308,223 3,633,327 53 -36
Central Mississippi River 2,769,780 779,185 1,460,292 -72 -47
Illinois & Mississippi Rivers 4,280,865 3,254,165 5,093,619 -24 -36
American black duck
Illinois River 163 3,115 56,647 1,811 -95
Central Mississippi River 233 0 1,851 -100 -100
Illinois & Mississippi Rivers 395 1,943 58,498 392 -97
Northern pintail
Illinois River 68,828 1,451,718 451,796 2,009 221
Central Mississippi River 357,540 502,710 260,584 41 93
Illinois & Mississippi Rivers 426,368 2,064,310 712,379 384 190
Blue-winged teal
Illinois River 7,598 69,948 71,057 821 -2
Central Mississippi River 20,385 8,993 15,040 -56 -40
Illinois & Mississippi Rivers 27,983 85,345 86,097 205 -1
American green-winged teal
Illinois River 309,230 986,863 489,179 219 102
Central Mississippi River 198,230 337,195 86,639 70 289
Illinois & Mississippi Rivers 507,460 1,315,098 575,817 159 128
American wigeon
Illinois River 8,535 44,010 68,058 416 -35
Central Mississippi River 5,740 2,898 39,747 -50 -93
Illinois & Mississippi Rivers 14,275 43,145 107,805 202 -60
Gadwall
Illinois River 335,005 748,550 137,305 123 445
Central Mississippi River 549,865 256,203 65,336 -53 292
Illinois & Mississippi Rivers 884,870 952,445 202,641 8 370
Northern shoveler
Illinois River 281,893 702,593 230,856 149 204
Central Mississippi River 310,650 228,790 182,072 -26 26
Illinois & Mississippi Rivers 592,543 908,528 412,928 53 120
Dabbling ducks
Illinois River 2,522,335 6,315,018 5,138,223 150 23
Central Mississippi River 4,212,423 2,115,973 2,111,560 -50 0
Illinois & Mississippi Rivers 6,734,758 8,624,978 7,249,783 28 19
Table 5.  Use-day estimates of waterfowl during spring 2019 and 2021, the average for 1996─2000, and the 
percent change (Δ) between 2021 and periods of interest.
 
  
Table 5.  Continued.
Species and Regions 2019 2021
1996─2000 
Average
% Δ from 
2019
% Δ from 
1996─2000 
Lesser scaup
Illinois River 3,311,738 2,589,313 471,607 -22 449
Central Mississippi River 1,341,175 2,182,400 1,981,294 63 10
Illinois & Mississippi Rivers 4,652,913 4,897,503 2,452,901 5 100
Ring-necked duck
Illinois River 853,453 1,522,003 374,003 78 307
Central Mississippi River 1,079,988 1,118,090 429,250 4 160
Illinois & Mississippi Rivers 1,933,440 2,590,410 803,252 34 222
Canvasback
Illinois River 902,405 1,193,210 270,301 32 341
Central Mississippi River 515,805 3,012,510 1,628,179 484 85
Illinois & Mississippi Rivers 1,418,210 4,243,468 1,898,480 199 124
Redhead
Illinois River 57,820 30,135 1,978 -48 1,424
Central Mississippi River 9,355 16,008 24,700 71 -35
Illinois & Mississippi Rivers 67,175 38,740 26,678 -42 45
Ruddy duck
Illinois River 880,153 320,795 36,841 -64 771
Central Mississippi River 237,170 112,508 32,104 -53 250
Illinois & Mississippi Rivers 1,117,323 308,913 68,945 -72 348
Common goldeneye
Illinois River 127,048 131,595 51,548 4 155
Central Mississippi River 250,763 204,863 22,473 -18 812
Illinois & Mississippi Rivers 377,810 339,100 74,021 -10 358
Bufflehead
Illinois River 64,243 58,340 3,492 -9 1,571
Central Mississippi River 29,480 63,800 85,928 116 -26
Illinois & Mississippi Rivers 93,723 133,340 89,420 42 49
Diving ducks
Illinois River 6,196,858 5,845,390 1,209,768 -6 383
Central Mississippi River 3,463,735 6,710,178 4,203,927 94 60
Illinois & Mississippi Rivers 9,660,593 12,551,473 5,413,695 30 132
Total mergansers
Illinois River 268,413 149,423 225,751 -44 -34
Central Mississippi River 254,375 331,975 178,501 31 86
Illinois & Mississippi Rivers 522,788 481,328 404,252 -8 19
  
Table 5.  Continued.
Species and Regions 2019 2021
1996─2000 
Average
% Δ from 
2019
% Δ from 
1996─2000 
Total  ducks
Illinois River 8,987,605 12,309,830 6,573,742 37 87
Central Mississippi River 7,930,533 9,158,125 6,493,987 15 41
Illinois & Mississippi Rivers 16,918,138 21,657,778 13,067,729 28 66
Greater white-fronted goose
Illinois River 1,554,933 1,036,080 425 -33 -
Central Mississippi River 1,597,990 884,633 0 -45 -
Illinois & Mississippi Rivers 3,152,923 1,929,673 425 -39 -
Canada goose
Illinois River 399,865 427,803 350,068 7 22
Central Mississippi River 244,533 210,483 146,834 -14 43
Illinois & Mississippi Rivers 644,398 647,263 496,902 0 30
Lesser snow goose
Illinois River 5,687,280 2,223,910 34,061 -61 6,429
Central Mississippi River 5,203,708 1,571,368 73,810 -70 2,029
Illinois & Mississippi Rivers 10,890,988 3,807,213 107,871 -65 3,429
American coot
Illinois River 192,530 443,840 629,484 131 -29
Central Mississippi River 159,058 159,467 492,078 0 -68
Illinois & Mississippi Rivers 351,588 510,697 1,121,562 45 -54
Study 160: Postbreeding ecology of wood ducks in the Illinois River Valley 
Objectives 
We will investigate ecology of postbreeding wood ducks in the Illinois River Valley during late 
summer and autumn 2018–2020, use these data to draw inferences relevant to conservation 
planning and habitat management in Illinois, and distribute our findings to parties of interest. 
Specifically, we will: 
• Document daily movements of wood ducks in the IRV and identify factors affecting 
inter-wetland movements, 
• Describe diurnal and nocturnal habitat use by marked individuals and identify factors 
associated with wetland habitat use, 
• Estimate wood duck postbreeding survival rates and cause-specific mortality, 
• Determine departure dates of marked wood ducks and estimate stopover duration in the 
IRV, 
• Evaluate proportional use of refuge and non-refuge sites, 
• Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral presentations, 
technical reports, peer-reviewed publications, and other means. 
• A popular article (~500 words and 2 photos) describing the project will be provided to 
Illinois Department of Natural Resources by the grant end date. 
Introduction 
Waterfowl hunting is an important pastime to Illinois residents, and Illinois’ wetlands 
provide important habitats for migratory waterfowl, particularly in the Illinois River Valley 
(IRV). Emphasizing the historical importance of the IRV to waterfowl, peak abundance of 
mallards (Anas platyrhynchos) exceeded 1.6 million in 1948, and peak abundance of scaup 
(Aythya affinis and A. marila) was 500,000 prior to the mid-1950’s (Havera 1999:227–236). 
Unfortunately, extensive leveeing and drainage, primarily for agriculture, has eliminated 53% of 
the natural wetlands in the IRV (Havera 1999). This loss of wetlands has brought about many 
rehabilitation and restoration projects attempting to restore wetland wildlife to former population 
levels. Despite these landscape-scale modifications, much of Illinois remains critical habitat for 
migrating waterfowl (Havera 1999). For example, peak duck abundance in the IRV currently 
averages 538,000 (range 303,000–617,000; based on 2012–2016 aerial inventories; A.P. Yetter, 
INHS, unpublished data). The IRV is of primary importance to waterfowl and is a focus area of 
the Illinois Wetlands Campaign and Strategy (Schultheis and Eichholz 2013) and the Upper 
Mississippi River and Great Lakes Region Joint Venture (UMRGLRJV) of the North American 
Waterfowl Management Plan (Soulliere et al. 2007). Specifically, the UMRGLRJV relies on the 
IRV and other migratory focus areas in Illinois to protect, maintain, enhance or restore 856,061 
ha of wetland habitats for waterfowl.  
The wood duck (Aix sponsa) is the most abundant nesting duck species in Illinois and 
represent a large component of the Illinois duck harvest (Havera 1999). Wood ducks consistently 
ranked second only to mallards in both Illinois and the Mississippi Flyway duck harvest between 
1981–1995 (Havera 1999). According to recent U.S. Fish and Wildlife Service parts collection 
survey data, wood ducks again ranked second in Illinois’ duck harvest during 2015 and 2016, 
averaging 13% of Illinois harvest (Raftovich et al. 2017). Much research on wood ducks has 
involved their breeding ecology (Bellrose and Holm 1994). In fact, wood duck use of natural 
cavities has been studied extensively in central and southern Illinois (Bellrose et al. 1964, Ryan 
et al 1998, Yetter et al. 1999, Roy-Nielsen and Gates 2007, Roy-Nielsen et al. 2007). However, 
despite the consistent and maintained harvest of this species, relatively few studies have 
investigated the postbreeding ecology of the species, especially in Illinois (Bellrose and Holm 
1994). Parr et al. (1979) evaluated wood duck movements and habitat use during autumn in 
southern Illinois and found that the maximum distance wood ducks traveled daily from roosts 
was 10km. They noted that the majority of wood duck locations were found in buttonbush 
(Cephalanthus occidentalis) swamp diurnally (75%) and nocturnally (99%); however, the 
number of marked birds in this study was low (n = 10; Parr et al. 1979). Likewise, woody 
wetlands and swamps were preferred by postbreeding wood ducks both diurnally and as roosts in 
northern Alabama (Thompson and Baldassarre 1988). Our data will provide information to guide 
conservation decisions for more than the species of interest. Thus, investigations of waterfowl in 
autumn and winter in Illinois are critical to guide conservation planning, as well as, harvest 
management, which provides recreational and economic benefits to Illinois. Specifically, our 
investigation of wood ducks during late summer and autumn will yield information useful to the 
Illinois Wetlands Campaign and Strategy while providing information to better understand 
wetland use, use of refugia and sanctuaries, interwetland movements, daily movement patterns, 
home range size, and estimate survival in an important mid-migration area. 
Methods 
We captured and radiomarked female and male wood ducks during the postbreeding 
period in late July and August over a 3-year period in the IRV. Our study area encompassed the 
La Grange Pool of the Illinois River extending from near Pekin, IL (River Mile 157.7), IL, to the 
La Grange Lock and Dam (River Mile 80.2) near Meredosia, IL. This segment of the Illinois 
River floodplain includes portions of Peoria, Tazewell, Fulton, Mason, Schuyler, Brown, and 
Cass counties. Additionally, we monitored telemetered birds in tributary streams, wetlands, and 
strip-mined lands outside of the Illinois River floodplain in these counties as necessary. We 
determined capture locations based on scouting and ground reconnaissance.  
We radiomarked (VHF and GSM) up to 100 wood ducks each year, distributed equally 
across age (i.e., after hatch year, hatch year) and sex (i.e., male, female). We captured wood 
ducks in August and September.  Capture techniques included baited swim-in traps and rocket 
nets (Cox and Afton 1994, 1998). After capture, we aged (Carney 1992), sexed, weighed and 
measured, and fit wood ducks with a VHF or GSM transmitter prior to release. We attached 
either a 12g very high frequency (VHF) radio transmitter equipped with an 8-hour mortality 
switch (Lotek, Inc., Newmarket, Ontario, Canada) and mounted on a bib style necklace 
constructed of herculite fabric (Herculite Products, York, Pennsylvania, USA, Montgomery 
1985, Ryan et al. 1998, Rush 2019) or a 10.5g solar charged GSM transmitter (Ornitela, UAB, 
Vilnius, Lithuania) with a backpack style attachment.  Backpack attachment was a modified 
Dwyer design using 6mm Teflon ribbon with an additional section of ribbon that was ran 
through plastic tubing (outside diameter: 0.6mm, inside diameter: 0.4mm, length: ≈70mm) and 
positioned along the keel to connect the neck loop to the body loop (Dwyer 1972).  We deployed 
transmitters on birds that were capable of flight and that we believed had already gone through 
the flightless molting stage.  
For GSM transmitters, we collected multiple GPS locations during both the diurnal and 
nocturnal periods, dependent on battery level of the solar charged transmitters.  For VHF 
transmitters, we used standard radio-telemetry techniques to track wood ducks to determine 
diurnal (½ hr after sunrise to ½ hr before sunset) and nocturnal (½ hr after sunset to ½ hr before 
sunrise) habitat use. Birds were located by ground crews using triangulation techniques with 
vehicle-mounted null-array antenna systems and hand-held antennas (Davis et al. 2009). We 
determined locations of ducks using Program LOAS 4.0.3.8, which partially automates telemetry 
locations using a global positioning system and digital compass. Tracking crews practiced 
triangulations until azimuth standard deviation are <3°. We aerially searched for birds not found 
via ground tracking approximately weekly. When birds were located from the air, ground crews 
were dispatched to that area for location and triangulation. During each triangulation, we verified 
status (i.e., alive or dead). 
We recorded habitat use of all individuals to wetland and upland habitat types as depicted 
on aerial images and National Wetlands Inventory base layer shapefiles in LOAS, and 
subsequently on the most current Illinois Landcover Database available in ArcMAP. We 
calculated consecutive day roost to night roost (Day-Night) and night roost to day roost (Night-
Day) movement distances from daily location data using the Pythagorean Theorem. We used 
point locations to calculate home range size (95% minimum convex polygon) for each wood 
duck that was present in the study area for at least 37 days (e.g., 50% of the average time wood 
ducks spent in the study are before autumn migration) and had at least 25 point locations (e.g., 
66.6% of 37 days, since the rotating tracking schedule tracked two out of every three days) using 
the mcp function from the adehabitatHR package in R (R Core Team 2020, R 3.6.0, 
adehabitatHR 0.4.18). We will use separate general linear models to compare home range sizes 
between age groups and sexes of marked ducks. For stopover estimation, we assumed an 
individual will have emigrated from the study area if we fail to locate them via ground or aerial 
searches. We will estimate survival of postbreeding wood ducks using the known fate model in 
Program MARK (White and Burnham 1999). We will use Akaike’s Information Criterion to 
evaluate models containing effects of age, sex, and capture date on daily survival rates. 
Results and Discussion 
During August and September 2018–2020 we captured and transmittered 319 wood ducks using 
confusion Y-traps and rocket nets (Table 160.1). VFH transmitters were placed on 252 wood 
ducks and GSM transmitters were placed on 67 wood ducks. Our capture locations included 
Emiquon Preserve and Rice lake SFWA in Fulton County, Sanganois SFWA and Quiver Creek 
in Mason County, and Spring Lake SFWA in Tazewell County. Overall, we identified 13,029 
point locations (diurnal: 8,367; nocturnal: 4,662) from wood ducks with VHF transmitters and 
30,939 point locations (diurnal: 15,791; nocturnal: 15,148) from wood ducks with GSM 
transmitters.   
We calculated 11,718 daily movement distances of wood ducks between diurnal and 
nocturnal point locations collected on consecutive days.  Preliminary analyses indicated wood 
ducks moved 2,394 m (SE = 24) between daytime habitats and night roosts. Analyses are 
currently ongoing to determine factors that influenced daily movement distance of wood ducks. 
We estimated home range from point locations identified from 228 wood ducks (M: 126; F: 
102).  Home range sizes were similar between wood ducks with VHF and GSM transmitters (U 
= 4,154, P = 0.21).  Home range size (95% MCP) for wood ducks averaged 6,820 ± 572 ha.  
Analyses are currently ongoing to determine factors that influenced home range size of wood 
ducks. 
Wood ducks most commonly used wooded and emergent wetland habitats (Table 160.2). 
During the diurnal time period, wood ducks predominantly used wooded wetlands. However, 
during the nocturnal time period many birds moved out of these wooded wetlands and roosted in 
emergent wetlands. Cattail (Typha spp.) and American lotus (Nelumbo lutea) beds both appeared 
to be important roosting habitats for wood ducks.  The most commonly used wetland type used 
by wood ducks was wetland impoundments (Table 160.3).   However, wetland types such as 
small ponds and agricultural ditches were also used at higher than expected rates, which may be 
due to the presence of aquatic vegetation within these wetlands.     
Throughout this period, we noted 67 mortality events of marked wood ducks including 46 
hunter-harvested birds with the remainder presumed depredations. However, 6 of the hunter 
harvested wood ducks were harvested the year following the year in which they were banded and 
11 wood ducks were harvested outside of the study area.  We observed greater numbers of hunter 
harvested wood ducks in 2018 and 2020, which were relatively dry years.  During dryer autumns 
much of the flooded wood duck habitat tended to be in areas that were open for waterfowl 
hunting.  Lower hunter mortality during 2019, which was a wet year, may be due to wood ducks 
being able to spread out across the landscape and more easily find locations that were not hunted.  
Analyses are currently ongoing to determine factors that influenced wood duck mortality. 
Most wood ducks departed La Grange Pool by early November (Fig. 160.1, x̅ = October 28, 
median = November 4), and the latest bird to emigrate was on December 15th. Additionally, 
GSM transmitters allowed us to collect locations of wood ducks after they migrated out of the 
Illinois River Valley (Fig. 160.2). On average wood ducks traveled 422 km (SE = 41) per 
migration event to a migratory stopover location during autumn migration.  Average flight time 
for autumn migratory flights was approximately 6.9 hours (SE = 0.6) and flight speed was 
averaged 74 kph (SE = 4).  The longest overall distance traveled by a wood duck in a single 
migratory flight was 859 km (Sanganois SFWA to Texarkana, TX) in approximately 11.75 
hours.  Overall, wood ducks used 11 states (AL, AR, IA, IL, KS, KY, LA, MO, MS, TN, and 
TX) as stopover or overwintering locations (Fig. 160.2). Further, we were able to observe a 
female wood duck conduct a molt migration to Minnesota after an apparent failed nesting 
attempt at Sanganois SFWA (Fig. 160.3). Overall, wood ducks primarily used wooded habitats at 
migratory stopover and overwintering locations (Table 160.4). From our preliminary results, 
wood duck use of wooded habitats more than doubled during the migratory and overwintering 
time period when compared to the postbreeding time period within the Illinois River Valley. 
Throughout the timeframe of this project, preliminary results have been summarized and 
distributed through technical reports and presented at professional conferences including the 
2020 and 2021 Midwest Fish and Wildlife Conference.  Additionally a popular article about the 
project was published in the November 2020 issue of the Outdoor Illinois Journal.  Analysis of 
data collected during this project is still ongoing for future publication in a peer-reviewed 
journal.    
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Table 160.1 Age, sex and transmitter breakdown of wood ducks captured and marked within the 
La Grange Pool of the Illinois River during the autumn of 2018–2020.   
 Male Female 
 VHF GSM VHF GSM 
  AHY HY AHY HY AHY HY AHY HY 
2018 27 29 0 0 20 28 0 0 
2019 16 27 21 0 6 25 10 0 
2020 8 30 13 0 3 33 23 0 
Total 51 86 34 0 29 86 33 0 
 
 
Table 160.2 Habitat use of wood ducks within the La Grange Pool of the Illinois River during 
autumn of 2018–2020.   
  Wooded Wetland Emergent Vegetation Aquatic Bed Open Water Agricultural 
Diurnal 48% 42% 7% 2% 1% 
Nocturnal 24% 69% 5% 1% 1% 
Overall 38% 53% 6% 1% 1% 
 
Table 160.3 Wetland type use of wood ducks within the La Grange Pool of the Illinois River 
during autumn of 2018–2020. 
  Impoundment Lake Pond River/Creek Ditch 
Bottomland 
Forest 
Day 54% 10% 12% 11% 8% 4% 
Night 53% 16% 12% 4% 3% 1% 
Overall 58% 12% 12% 8% 6% 3% 
 
Table 160.4 Habitat use of wood ducks (Aix sponsa) during the postbreeding time period within 
the Illinois River Valley (IRV) and at migratory stopover and overwintering areas. 
  IRV 
Migratory Stopover & 
Overwintering 
Wooded Wetland 44% 97% 
Emergent Vegetation 35% 2% 
Aquatic Bed 14% < 1% 
Open Water 6% < 1% 
Agricultural 1% < 1% 
 
 
Figure 160.1 Frequency of departure dates of radiomarked wood ducks (Aix sponsa) from the La 


















Figure 160.2 Stopover and overwintering locations of wood ducks (Aix sponsa) captured within 
the La Grange Pool of the Illinois River during autumn of 2019 and 2020.  
 
Figure 160.3 GSM Locations from a female wood duck (Aix sponsa) captured at Rice Lake State 
Fish and Wildlife Area, in Fulton County, Illinois.   
Study 161: Ecology of Diving Ducks in Illinois 
Objectives  
We will investigate the ecology of diving ducks (e.g., canvasback and lesser scaup) in the Illinois 
River during spring, use these data and that from past projects to draw inferences relevant to 
conservation planning and wetland habitat management in Illinois, and distribute our findings to 
parties of interest. Specifically, we will:  
• Trap and leg-band up to 1,000 lesser scaup and canvasback along the Illinois River,  
• Deploy pinpoint GPS tags on 17 scaup that will allow us to track them for over 300 days 
across their annual cycle, and evaluate the proportion of the population which use places 
that can expose them to trematodes  
• Anecdotally document distribution of lesser scaup and canvasback among and within 
wetlands the river system, and  
• Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral presentations, 




Historically, diving ducks were abundant during spring and autumn migration on the Illinois 
River. For example, 710,275 lesser scaup (hereafter, scaup) were recorded on the upper Illinois 
River on 20 November 1949. However, autumn abundance of diving ducks in the IRV declined 
precipitously in the 1950s and has not recovered; peak abundance of scaup during autumns 
1993–1996 averaged only 4,465 (Havera 1999) but more recent estimates were 15,110 during 
autumn 2017 (A. Yetter, INHS, unpublished data). The central Mississippi River, specifically 
Pool 19, is also a critical area for migrating diving ducks, but peak abundances during autumn 
have declined in this region from about 480,000 during 1978–1982 to 51,300 during 1993–1996 
(Havera 1999). Most recently, peak abundance of scaup was 18,700 on Pool 19 during autumn 
2019 (A. Yetter, INHS, unpublished data). 
 Diving ducks are more abundant in these systems during spring than autumn. For 
example, INHS personnel counted nearly 12,500 scaup at Emiquon Preserve in the IRV on 10 
March 2007 and 350,000 scaup and 20,000 canvasbacks on Pool 19 of the Mississippi River on 
24 March 2008. Thus, wetlands of both rivers systems appear to provide important stopover 
habitats during spring, a critically important time in the annual cycle of waterfowl. Because 
diving ducks partially rely on nutrients acquired during spring migration for breeding, the quality 
of Illinois’ wetlands likely influence population dynamics of these species (Anteau and Afton 
2004, 2011). 
 Lesser scaup and canvasback are two diving duck species considered in greatest need of 
conservation under the Illinois Comprehensive Wildlife Conservation Plan and Strategy (IDNR 
2005). Continental populations of both species have decreased significantly over the last 30–40 
years. The canvasback population reached a low of 373,000 in 1978 and concern remains over 
the future status of this species. Similarly, the continental breeding population of lesser scaup 
was estimated near 8.0 million in 1972, but only 3.2 million in 2006. The “Spring Condition 
Hypothesis” may explain the scaup decline, which indicates that foraging habitats in the 
midcontinent have declined in quality (e.g., abundance of food; Anteau and Afton 2004, 
2008a,b, 2011). If inadequate forage exists for lesser scaup at stopover locations during spring 
migration, these birds may not have the endogenous resources required to reproduce 
successfully. 
 Recent researchers have indicated a need for increased banding data during multiple 
seasons of the year to improve the reliability of current survival estimates, especially during non-
breeding periods (Koons et al. 2006). Band return data have been particularly useful in 
estimating population sizes of species that are difficult to survey during the breeding season, 
such as lesser scaup, through the use of Lincoln estimators (T. Arnold, University of Minnesota, 
unpublished data). Band returns establish linkages between migration stopover locations and 
other critical areas used during the annual cycle; however, scaup have been typically 
underrepresented in banding efforts and additional banding data is critically needed (Fig. 2; 
Austin et al. 2000). As the Illinois River is a major autumn- and spring-migration stopover 
location for ducks traveling to the Prairie Pothole Region, additional banding data is needed to 
assess the relative importance of this region and compare with the Mississippi River using 
banding data from concurrent studies (e.g., A. Afton, Louisiana State University, retired). 
 In addition, scaup are known to be susceptible to exotic trematode species (Cyathocotyle 
bushiensis (Cb) and Sphaeridiotrema spp. (Ss)), which can kill individuals (Cole and Franson, 
2006; Sauer et al. 2007), and are hypothesized to impact body condition and potentially 
reproductive success when trematode levels are sub lethal. What is not well known is what 
proportion of the population are using the areas where they can be exposed to these trematodes 
during migratory stopover. Because the area where scaup can be exposed to trematodes is 
geographically distinct (several pools of the Mississippi River), not all scaup are necessarily 
exposed during migration. Understanding the sub-lethal impacts of trematodes, and what parts of 
the population are exposed to them are both important to managing thriving scaup populations in 
the future.  
 We know that large numbers of scaup move through the IRV in spring, and one 
assumption is that a subset of those scaup are later using areas with faucet snails and trematodes, 
as an additional stopover location during migration. By tagging scaup here in the IRV, with tags 
that allow us to track them for over 300 days, we can assess what proportion of the population 
has a stopover in the IRV, and thus is later exposed to trematodes. In addition, we will be able to 
collect data on scaup movements across the annual cycle, which will allow us to examine the 
migratory patterns which result in abundant scaup in the spring, and few in the fall in the IRV.  
Methods 
 
We captured and banded lesser scaup and canvasbacks along the Illinois River using 
baited swim-in traps, night-lighting, or other means with captures (Anteau and Afton 2008b,c). A 
subset of birds were fitted with a pinpoint GPS unit, preprogrammed to collect data across the 





We captured and banded 606 diving ducks at Anderson Lake SFWA and Emiquon 
National Wildlife Refuge in Fulton County, Illinois from March 12, 2021 ˗ March 20, 2021. We 
banded and released 520 lesser scaup (Aythya affinis; 455 males, 65 females), 2 redhead (A. 
Americana; 2 males), and 84 canvasback (A. valisneria; 67 males, 17 females). We captured and 
reported 8 lesser scaup banded in previous years to the bird banding lab. Two of those previously 
banded birds were foreign recaptures (i.e., banded under another permit), and six were banded 
under our permit in previous years. We fell short of our goal of 1,000 LESC banded this spring, 
largely due to an abbreviated migration and logistic limitations associated with the COVID-19 
pandemic.  
We deployed 14 pinpoint GPS units on male (n = 8) and female (n = 6) lesser scaup 
during this spring. We split the deployments between Emiquon Preserve (n = 3) and Pool 19 of 
the Mississippi River (n = 11; Keokuk, IA). Prior to release, we collected morphological metrics 
(mass, culmen length, wind chord, head length, and tarsus length). Mean mass of lesser scaup 
was 795.7g and 832.4g for males and females, respectively; well above the mass required to 
meet the transmitter to bird mass ratio (<3% required for transmitter attachment). We programed 
the transmitters to collect 1 GPS location per day and we received data from the transmitters 
every three days.  In total we collected 199 GPS locations from lesser scaup.   
We believe that the marked birds reacted negatively to the GPS transmitters. Of the 
marked individuals, GPS locations indicated that 7 individuals have died.  The status of the 
remaining 7 individuals are currently unknown, but due to lack of check-ins we presume that 
these individuals have also died.  Of the birds that GPS locations indicate mortality, the average 
amount of time between release and the mortality event was 14 days.  GPS locations revealed 
that many of the birds made relatively large movements in the vicinity of their release locations 
(Fig. 161.1 & 2), but many of these locations were located on or near a shoreline (Fig. 161.3).  
We believe that this behavior of marked individuals spending a greater than expected amount of 
time on land increased their likelihood of mortality.   
Additionally, only 2 marked individuals migrated away from their release locations.  The 
first lesser scaup to migrate left Pool 19 on March 29th and traveled 445 km to Rice County, 
Minnesota (Fig. 161.4).  The other lesser scaup that migrated left pool 19 on April 30th and 
traveled 151km over 2 days to Macbride Nature and Recreation Area in Johnson County, Iowa 
(Fig. 161.5).    
Due to the negative reaction that the marked birds had in response to the backpack GPS 
transmitters, we are investigating the use of implanted GPS transmitters for the upcoming spring 
2022 lesser scaup trapping season.     
 
 
Figure 161.1 Movements of lesser scaup within Pool 19 of the Mississippi River in Hancock Co, 
Illinois and Lee County, Iowa during March through April 2021.  
 
Figure 161.2 Movements of lesser scaup within the Illinois River Valley in Fulton and Mason Co, Illinois during March through April 
2021.
 
Figure 161.3 Locations of lesser scaup within Pool 19 of the Mississippi River in Hancock Co, Illinois during April 2021.  
 
Figure 161.4 Locations of a lesser scaup that traveled from Pool 19 of the Mississippi River in 
Hancock Co, Illinois and Lee County, Iowa to Rice County, Minnesota during March through 
April 2021.
 
Figure 161.5 Locations of a lesser scaup that traveled from Pool 19 of the Mississippi River in 
Hancock Co, Illinois and Lee County, Iowa to Johnson County, Iowa during March through 
April 2021. 
Study 162: Great Lakes Mallards 
Our objective is to catch <10 breeding mallards in northeastern Illinois to take blood and feather 
samples, and deploy tags, in support of the larger project’s objectives, listed here:  
 
• Document postbreeding movements and habitat use of mallards marked during spring 
(breeding birds) and another sample marked during pre-hunting season banding 
operations (August),  
• Estimate philopatry rates of adult and hatch-year female mallards to the Great Lakes 
states,  
• Estimate survival and productivity rates of breeding female mallards in relation to body 
condition, age, habitat use (including urban vs rural breeding birds) and genotype, and  
• Make recommendations regarding habitat and harvest management to recover mallards in 
the Great Lakes Region and benefit other wetland-related wildlife species.  
 
Introduction  
Wetland habitats in the Great Lakes Region support a diversity of wildlife species 
important to people and some species may act as indicators of wetland health and function. 
Mallards (Anas platyrhynchos) are an example of a generalist wildlife species that has 
historically been tied to quality of wetland habitats used for breeding and migration in the Great 
Lakes. Mallards are a shared migratory resource that are the most heavily harvested duck species 
in the Mississippi Flyway (MF), including the Great Lakes states; in recent years, these birds 
helped support over 2.5 million duck hunter-days in the MF annually (USFWS 2018). 
Historically, breeding mallard abundance in the Great Lakes States followed trends of the 
Midcontinent mallard population breeding in prairie pothole and parkland regions, but these 
trends diverged when Great Lakes mallards failed to recover from low abundance in the mid-
2000’s. Mallard abundance in Michigan has been related to Great Lakes water levels as 
indicators of changes in hydrology and availability of mallard breeding habitat. However, this 
relationship weakened after 2007 when mallard abundance did not recover from low water 
levels. Waterfowl biologists in the Great Lakes states are at a loss to explain the current low 
abundance of mallards as apparently suitable breeding habitat has been unoccupied. The 
disconnect between mallard abundance and regional habitat conditions has implications for 
federal, state and private conservation partners working together to conserve wetlands and the 
associated wildlife benefits. For example, the Upper Mississippi River and Great Lakes Joint 
Venture waterfowl habitat conservation strategy lists mallards as a focal species with an 
objective of increasing mallard abundance by increasing available breeding habitat. Similarly, 
state agencies are investing in waterfowl habitat management on state and private lands with 
expectations of response by mallards and other wetland dependent wildlife species, including 
species of greatest conservation need. Low mallard abundance negatively impacts people who 
use the resource and research leading to understanding reasons for low mallard abundance can 
lead to improved management strategies to benefit wetland dependent species and people. 
Progress to date  
The larger regional project, lead by Dr. David Luukkonen and Barb Avers secured funding for 
purchasing transmitters. The experimental design was also further developed and guidance given 
to us on how to allocate our transmitters across urban and rural habitats in Illinois. We were not 
able to tag any birds in FY21 due to a miscommunication about permitting, where we ended up 
not having permits in place to tag birds without the Michigan State University lead present. We 
have since fixed this problem, and deployed all the 2021 tags allocated for Illinois by September 
15, 2021.  
 
  
Study 163 – Identifying motivations and impediments to sanctuary 
management in Illinois 
Introduction 
Unified conservation of non-breeding waterfowl under the North American Waterfowl 
Management Plan (NAWMP) is founded on the premise that survival and/or subsequent 
productivity is limited by food availability or accessibility. Accordingly, a consortium of state, 
federal, and private agencies, known as Joint Ventures, step-down continental population 
objectives to regional, state, and site-specific habitat goals in an effort to provide sufficient 
resources for target waterfowl populations. However, understanding waterfowl ecology in 
relation to disturbance and the role of sanctuaries in landscape design is also a key component to 
evaluating more fundamental assumptions underlying habitat conservation planning for 
wintering waterfowl. 
Growing research suggests anthropogenic activities, including hunting, prevent waterfowl 
from accessing resources, increase flight duration, and otherwise increase energetic expenditure 
and forage requirements (Korschgen and Dahlgren 1992, Cox and Afton 1997, Dooley et al. 
2010). Consequently, waterfowl that repeatedly encounter anthropogenic disturbance and fail to 
meet daily energy requirements experience reduced survival or abandon sites in search of more 
gainful resources. Spatial sanctuaries have proven to mitigate anthropogenic disturbance and 
increase waterfowl density in surrounding landscapes (Madsen 1998). Because disturbance free 
sanctuaries predominantly occur on public lands, provision of sanctuaries may decrease the area 
available for hunting; however, hunting opportunities typically benefit from the increased 
abundance of waterfowl in the surrounding landscape (Madsen et al. 1998). 
At a minimum, a waterfowl sanctuary is defined as a habitat used by waterfowl that is 
mostly free from anthropogenic disturbance that allows waterfowl to complete certain daily 
activities without added energetic expenditure from increased flight time or vigilance. In this 
context, sanctuary solely reduces energy expenditure to a level that makes it energetically 
profitable to remain in the region, and waterfowl must disperse from sanctuary to gain energetic 
resources. Accordingly, many waterfowl alter circadian patterns to access resources during 
nocturnal or other periods when the risk of anthropogenic disturbance is reduced (Thornburg 
1973; Madsen and Fox 1995; Cox and Afton 1997; Roy et al. 2013, 2014; Lancaster et al. 2015). 
At its zenith, sanctuary provides sufficient energetic resources to meet daily energy requirements 
in addition to reducing energetic expenditure. Naturally, sanctuaries that provide this greater 
diversity of resources are typically used by a greater number of individuals and those individuals 
remain in the area for a longer duration until resources become scarce (Fox and Madsen 1997). 
Moreover, even after energetic resources are depleted on this type of sanctuary, the sanctuary 
still functions as previously described and will continue to support birds if the surrounding 
landscape provides sufficient energetic resources. 
Bellrose (1954) contended that the minimum provision of safe space is appropriate at 
latitudes of migratory stopover, like Illinois, whereas increased resources are necessary at 
terminal wintering sites. He substantiated this claim by referencing that all energetic resources 
needed by waterfowl in Illinois are available within 40 km, the typical maximum daily flight 
distance, surrounding sanctuaries, mainly agricultural fields (Bellrose 1954). However, the 
efficiency of modern agronomic equipment and earlier harvest dates result in a fraction of 
waste67 grain available to autumn migrating waterfowl than were available decades ago (Foster 
et al. 2010). Additionally, many waterfowl species do not utilize dry agricultural fields and are 
reliant on wetland-based food resources. Lastly, many waterfowl species have or continue to 
expand their wintering range to include more northerly latitudes (Guillemain et al. 2015). This 
expansion may increase the energetic requirements of ducks at latitudes of Illinois, thereby 
reducing the availability of resources to other waterfowl reliant on the region during spring 
migrating (Crick 2004, Schummer et al. 2010). 
Despite evidence that managing for energetic resources in sanctuaries benefits waterfowl 
and waterfowl hunters, many land managers continue to passively manage or forego 
management of existing sanctuary habitats in Illinois. We hypothesized there are several 
motivations or impediments for not maximizing energetic capacity of sanctuaries: 1) deficiencies 
in current infrastructure that inhibit the manipulation of water levels needed to promote early 
successional vegetation, 2) social pressures from hunters or surrounding landowners that 
perceive sanctuary as negatively impacting their hunting experiences (e.g., Figure 163.11), 3) 
personal philosophy that sanctuary does not require food, or 4) sites are managed for alternative 
uses that contradict their management for food production. In many instances, a combination of 
these or other motivations may explain why sanctuaries are unmanaged. Regardless, identifying 
these sources is important to effective management. Deficiencies in infrastructure can be 
ameliorated by focusing resources on infrastructure improvements, and social pressures or 
personal philosophies provide an opportunity for targeted research to investigate truthfulness of 
claims and presentation of facts regarding the role of sanctuaries and their impact on waterfowl 
ecology. We investigated the motivations and/or impediments to managing sanctuary habitats as 
food producing habitats in Illinois by surveying site superintendents of state-managed areas open 
to waterfowl hunting (Appendix 163.1). In addition, we collected data on food availability at 
state managed sanctuaries in Illinois using rapid assessment techniques (Naylor et al. 2005) and 
determined if there was a connection between food density and duck use and duck harvest 
(ducks/hunter/day). This research is an important precursor to evaluating the impact of sanctuary 
management on the ecology of waterfowl. 
Methods  
Survey development 
We developed an online survey composed of questions aimed to understand the 
philosophies of site superintendents, current management strategies, limitations to current 
management, and future impediments. We designed the survey to be taken once by each site 
superintendent with a loop through site specific questions depending on the number of sites for 
which the superintendent was responsible (≤4 loops). All questions were reviewed and edited by 
Illinois Natural History Survey and Illinois Department of Natural Resources wetland wildlife 
program staff prior to distribution. All responses were collected anonymously. The survey was 
developed and distributed using Qualtrics online software.  
Survey distribution 
In coordination with the Illinois Department of Natural Resources, we assembled a list of 
all site superintendents managing state areas affording waterfowl hunting opportunity in Illinois.  
We limited survey distribution to sites with >100 waterfowl hunter trips in the 2017-2018 (year 
of selection) public hunting area report which resulted in 27 site superintendents responsible for 
38 state managed areas. Four days prior to survey distribution, we sent an email to all site 
superintendents and their regional supervisors informing them of the impending survey and 
encouraging their response. This test also allowed us to remedy any incorrect email addresses, 
undeliverable messages, and quarantined messages. The survey was finalized and distributed 
using Qualtrics email distribution to site superintendents on March 12, 2019. We sent a reminder 
email to all site superintendents on May 16, 2019. We retrieved all survey responses on July 31, 
2019 which was more than a month since the last survey completion date. Our survey protocol 
and questions were reviewed and approved (protocol 19128) by the University of Illinois Office 
for the Protection of Research Subjects. 
Food availability, aerial survey, and hunter harvest 
We reviewed hunter fact sheets from the 2017-2018 waterfowl hunting season and 
selected all 38 state managed areas that supported >100 waterfowl hunter-use days. We further 
refined our selection to 13 areas from those that contained designated waterfowl sanctuary (28) 
and were within or within a reasonable distance of current aerial survey paths. We selected 12 
accessible sites that we attempted to visit during the late growing season of each year. Prior to 
surveying sites, we quantified the wetland areas designated as sanctuary and digitized the 
boundaries in a geographic information system (GIS). We traveled to each wetland and 
conducted a rapid assessment of seed-producing vegetation and quantified the energy density 
(energetic use days [EUD]/ha) using published equations (Naylor et al. 2005, Stafford et al. 
2011). For unharvested corn encountered at two sites, we used the average seed density (6,500 
kg/ha) estimated at state wildlife areas in Illinois by Stafford (unpublished report). For 
unharvested Japanese Millet, we used a seed density estimate of 1,500 kg/ha (Reinecke and 
Kaminski 2006). We used bioenergetic equations to summate energetic carrying capacity of the 
total sanctuary area at each state managed area. 
In conjunction with aerial surveys conducted by the Illinois Natural History Survey, we 
quantified the abundance of waterfowl by species at sanctuaries approximately weekly. We 
extrapolated aerial estimates cumulative autumn/winter estimates by interpolating waterfowl use 
on days in-between surveys as the mean of the previous and subsequent aerial count (Stafford et 
al. 2007). We summarized winter counts across all duck species, all waterfowl species, and all 
non-waterfowl waterbird species for analysis. We acquired hunter harvest data for each state 
managed area from the Illinois Department of Natural Resources.  
Statistical Analyses 
Because we collected data from few sites, we limited our analyses to exploratory linear 
models including single covariates each year of the study. We developed several linear models 
with the estimated cumulative winter use days (ducks, waterfowl, or non-waterfowl waterbirds) 
and harvest rate (birds/hunter/day) as dependent variables. In models of cumulative winter use 
days, we included independent variables sanctuary food availability, sanctuary size, number of 
hunter trips, food density (kg/ha), and a null. Sanctuary food availability estimated with the 
Stafford et al. (2011) equation and the Naylor et al. (2005) equations were highly correlated (r = 
0.99) so we chose the Stafford equation since it has been shown to provide reliable estimates in 
Illinois. For the harvest rate model set we used independent variables sanctuary food availability, 
sanctuary size, number of hunter trips, and cumulative duck use in sanctuary. We examined 
Akaike’s Information Criterion adjusted for small samples size (AICc) among similar models to 
select the best fit model. 
Survey Results 
We received 29 survey responses but removed 8 incomplete or duplicate surveys from 
further analysis. The 21 remaining surveys were completed by superintendents responsible for 32 
of 38 managed sites. 
Philosophies 
Of the 21 survey respondents, all had philosophies that sanctuaries were an important component 
of public land management. However, their vision of how sanctuaries should be managed for 
food resources varied; 14 (70%) respondents indicated that sanctuaries should be managed for 
abundant food resources, 2 (10%) indicated that sanctuaries should not be managed for food 
resources, and 4 (20%) responded that the amount of food was irrelevant.  
 
Availability and Size of Sanctuary 
Site superintendents indicated that sanctuary was available on 26 of 32 (81%) managed areas for 
which they were responsible. Of those sanctuaries, 9 (35%) accounted for less than 25%, 11 (42) 
accounted for 25-50%, 6 (23%) accounted for 50-75%, and none accounted for more than 75% 
of the managed area. Moreover, waterfowl sanctuary size was less than 25 acres at 3 (12%) 
areas, between 25-100 acres at 3 (12%) areas, between 100-250 acres at 5 (19%) areas, and more 
than 250 acres at 15 (58%) managed areas. 
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Site superintendents had dynamic basis for management decisions for sanctuary on their 
managed areas. The most common selection (32%) was “multiple years of experience at the 
current or a former site.” Eight (29%) relied on district biologist or other departmental staff, 5 
(18%) cited formal education and training, 3 (11%) chose public perception as their basis for 
decision making, and 3 (11%) cited “other” which they indicated included several of the 
aforementioned choices.   





What is the approximate proportion of waterfowl habitat that is 
designated waterfowl sanctuary at your site?
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Respondents indicated that 10 (38%) of 26 sites under their responsibility were entirely 
unmanaged, 19% were actively managed, 12% were passively managed. Fifteen percent 
indicated their sanctuary was partially actively and passively managed, 4% indicated active and 
unmanaged portions of their sanctuary, and 12% indicated partial passive and non-management 
of their sanctuary. 
 
Site partially or wholly unmanaged: Most site superintendents selected “unknown” regarding 
the perception of hunters at their site with unmanaged sanctuary. Thirty-six percent of 
respondents indicated that hunters likely had mixed feelings regarding unmanaged sanctuary 
while 7% indicated hunters had a positive perception.  
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At your site, how is the waterfowl sanctuary managed for food resources 
(e.g., natural vegetation or agricultural grains)?
 
Superintendents responded that flooding or other water conditions outside their control (36%) 
and alternative management not related to waterfowl hunting (36%) were the primary reasons 
sanctuaries were not actively managed. Lack of time or limited staffing and inadequate funding 
were each identified by 29% of superintendents. Fourteen percent of superintendents selected not 
owning or having access to proper equipment, inadequate infrastructure, and “other” as 
limitation to active management. One comment reported water control being controlled by 
adjacent private landowner. Site superintendents were asked to choose from a list of resources 
that they would need in order to pursue active management in the future.  
 
Half of respondents indicated that continued or increased funding would be required, 
whereas, 36% selected infrastructure improvements were needed. Twenty-one percent each 
stated that no resources were needed, equipment was needed, and other options not listed were 
needed. Among those that selected other, two stated that the sanctuary was unmanageable, and 
one indicated that science-based information on invasive species management was needed. A 
need for science-based information regarding the role of sanctuaries on waterfowl and education 
for waterfowl hunters regarding the role of sanctuaries was chosen by 14% of respondents. 





Area is not hunted
How do hunters perceive the LACK OF management of food resources in 
the sanctuary area at your site? 
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Sites partially or wholly passively managed: Of the 10 sites that contained passively managed 
sanctuary, 60% of site superintendents indicated that hunters had mixed perceptions of their 
sanctuary management, whereas 20% each chose unknown and positive perceptions.  
 
Equal proportions of respondents indicated that current passive management was a 
function of lack of time or limited staffing (30%), not owning or having access to proper 
equipment (30%), inadequate infrastructure (30%), and being prevented by flooding or other 
water conditions outside their control (30%). Limited funding, prevention by alternative 
management not related to waterfowl hunting, and actively managing food in the sanctuary 
would diminish harvest were each selected by 10% of respondents. One respondent indicated 
they had a great seed-bank that did not require active management.  
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What resources would you require to ACTIVELY manage sanctuaries at 
your site in the future? 





Area is not hunted
How do hunters percieve the PASSIVE management of food resources in 
the sanctuary area at your site?
 
The majority of superintendents (70%) indicated that infrastructure improvement was needed in 
order to actively manage sanctuaries in the future. Education for hunters regarding the role of 
sanctuaries (40%), continued of increased financial support (30%), equipment (20%), science-
based information regarding the role of sanctuaries on waterfowl (10%) were also selected as 
needs to future active management in sanctuaries.  
 
Sites wholly actively managed: Of those sites that were exclusively actively managed, 20% 
of superintendents responded that hunters view their active management as negative whereas the 
remainder (80%) suggested mixed positive and negative perceptions of the sanctuary by hunters.  
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What resources would you require (if any) to ACTIVELY manage 
sanctuaries at your site in the future? 
 
Looking to the future, 20% superintendents cited not owning or having access to proper 
equipment as a limitation to continued active management, while others cited flooding or other 
water conditions outside their control (60%), and inadequate infrastructure (80%). All site 
superintendents selected several resources needed to continue active management including: 
continued or increased financial support, equipment, and infrastructure improvements. Four of 
five chose a need for science-based information regarding the role of sanctuaries in waterfowl 
management. 
 
As a follow-up to the previous question, superintendents were asked what resources would be 
needed to continue active management of sanctuaries at their site. All respondents cited three 
things were needed; improved infrastructure, continued or increased funding, and equipment. 
Moreover, 80% of respondents indicated a need for science-based information regarding the role 
of sanctuaries to waterfowl. 





Area is not hunted
How do hunters percieve the ACTIVE management of food resources in the 
sanctuary at your site?
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food resources in the sanctuary at your site in the future?
 
Perceptions of Sanctuary 
We asked site superintendents of sites containing sanctuary their response to five generalizations 
about the contribution of their sanctuary to waterfowl and waterfowl hunting. When asked if “the 
sanctuary at their site increased the number of ducks using the site” 81% of respondents agreed, 
19% neither agreed nor disagreed, and none disagreed.  
 
Seventy-three percent agreed that “the sanctuary at their site increased how long ducks stayed on 
the site,” whereas 27% neither agreed nor disagreed and none disagreed.  
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What resources would you require (if any) to continue ACTIVELY 
managing sanctuaries at your site in the future?
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Only 13% of site superintendents neither agreed nor disagreed with the statement “the sanctuary 
at my site increases harvest opportunities to hunters on the site” whereas, 87% agreed.  
 
An overwhelming majority (92%) disagreed with the statement “sanctuary at their site should be 
replaced with hunting units” whereas 8% were undecided. 
 
0 2 4 6 8 10 12 14 16 18 20
Agree
Neither agree nor disagree
Disagree
The sanctuary at my site increases how long ducks stay on the site:
0 5 10 15 20 25
Agree
Neither agree nor disagree
Disagree
The sanctuary at my site increases harvest opportunities to hunters at the 
site:
0 5 10 15 20 25
Agree
Neither agree nor disagree
Disagree
The sanctuary at my site should be replaced with hunting units
Site superintendents were in less agreeance on whether “hunters had a positive view of the 
sanctuary at their site” in which 50% agreed, 46% neither agreed nor disagreed, and 4% 
disagreed. 
 
Sites without Sanctuary 
We received responses from site superintendents of 7 sites that lacked a waterfowl sanctuary. 
Half of respondents indicated that wetland area was not large enough to support hunting 
opportunities and sanctuary as the primary reason for the lack of sanctuary. One respondent 
indicated that nearby private lands provided sanctuary to birds using the area. Two additional 
respondents selected other, one of which stated the area was not hunted, and a second indicated 
the habitat was forested. 
 
We asked respondents to indicate how hunters perceived the lack of sanctuary on their area. 
Respondents indicated unknown (29%), positive (29%), and mixed (14%) perceptions. Two site 
superintendents (29%). indicated that the area was not hunted.  
0 2 4 6 8 10 12
Agree
Neither agree nor disagree
Disagree
Hunters have a positive view of the sanctuary at my site
0 1 2 3
Wetland area is not large enough to support hunting
opportunities and stand-alone sanctuary
Nearby private lands provide sanctuary to birds using
our area
Nearby federal lands provide sanctuary to birds using
our area
Hunters have a negative view of sanctuary, so we
allocate available area to hunting
Other
Select the reason(s) why sanctuary is not available at your site?
 
Food availability, aerial survey, and hunter harvest  
We conducted 36 aerial surveys for waterbirds at SFWA sanctuaries approximately 
weekly between mid-October and the close of Illinois duck season in late December during 
2018-2020 (Table 163.1). Cumulative duck and waterfowl use averaged 149,510 (± 50,700 
ducks) and 151,401 (± 51,307 waterfowl), respectively. We were unable to complete two aerial 
surveys (October 28, 2019 and November 9, 2018) during the course of the study due to poor 
weather conditons. During both weeks, the survey was partially completed due to fog. For those 
surveys, we used the survey data from the previous week to account for waterfowl use. We 
believe this is appropriate based on trend analysis of surveys that were completed during those 
weeks along with the increased waterfowl numbers in surveys conducted the following week. 
We conducted rapid assessments at the sanctuaries of ten state fish and wildlife areas 
during mid-late October each year. During 2018, we were unable to conduct rapid assessment 
surveys at four areas along the Mississippi River due to extensive overbank flooding that 
persisted throughout the autumn period. Rather than assume zero food availability during this 
year, we chose to exclude these sites from analyses. We also experienced significant fall flooding 
along the Illinois and Mississippi Rivers during 2019. In this instance, we delayed vegetation 
surveys at four areas until flood waters subsided in late November. We did not sample Sanganois 
SFWA during 2018-2019 due to accessibility issues. 
Total estimated energetic use days (EUDs) in waterfowl sanctuaries ranged from 0 – 
2,831,416 (?̅? = 221,943 ± 43,034 [SE]; Table 163.2). Available EUDs were greatest in 2019 (?̅? = 
342,302 ± 118,672; range 0 – 2,831,416), followed by 2018 (?̅? = 206,976 ± 68,866; range 0 – 
1,338,570) and 2020 (?̅? = 143,569 ± 27,931; range 0 – 786,379). On average, unharvested corn 
and Japanese millet crops supplied an estimated 632,030 (± 219,384; Table 163.3) use days 
across the course of the study, but the only successful, measurable crops occurred at Banner 
Marsh and Rice Lake SFWAs (?̅? = 543,149 and 720,911, respectively). On average, energy 
density (kg/ha) from moist-soil seeds (?̅? = 613 ± 54; range 0 – 2,001; Table 163.4) was slightly 
lower than overall site estimates in the Illinois River Valley between 2005–2007 from Stafford et 
al. (2011; ?̅? = 691 ± 56.4). Energy density from native plants was greatest in 2020 (?̅? = 809 ± 
134 kg/ha; range 240 – 1390), followed by 2018 ((?̅? = 510 ± 127 kg/ha; range 0 – 1,010), and 






Area is not hunted
How do hunters perceive the LACK OF  sanctuary at your site?
Waterfowl harvest during the 60-day duck hunting season at the ten SFWAs ranged from 
0.4 to 2.2 birds/hunter/trip (?̅? = 1.0 ± 0.1). Waterfowl harvest was greatest in 2020 (?̅? = 1.1 
birds/hunter trip ± 0.2; range 0.6–2.2), followed by 2019 (?̅? = 1.0 birds/hunter/trip ± 0.2; range; 
0.4–2.0) and 2018 (?̅? = 0.9 birds/hunter trip ± 0.1; range 0.4–1.6). The mean number of hunter-
trips recorded at the ten sites was 2,196 (± 475 trips; range 83–11,592). Hunters were more 
active in 2018 (2524 ± 1204 trips; range 176–11,592), followed by 2020 (2,054 ± 638 trips; 
range 83–6886), and 2019 (2025 (± 624 trips; range 189–6,218). 
Simple linear regression models yielded similar results for data collected during 2018 and 
2020. The best supported model for cumulative duck use days in sanctuaries included total food 
availability in 2018 (wi = 0.38; Table 163.5) and 2020 (wi = 0.42; Table 163.6). In 2018 there 
were two competing models for duck use, the null model (wi = 0.32; Table 163.5) suggested 
22,368 duck use days per sanctuary and the hunter effort model (wi = 0.19; Table 163.5) 
suggested an 80 duck use day increase in sanctuaries for every additional 10 hunter trips. In 
2020, the only competing model for duck use was the null model (wi = 0.27; Table 163.6). The 
best supported model for cumulative waterfowl use days included food availability in 2018 (wi = 
0.86; Table 163.7) and 2020 (wi = 0.73 Table 163.8). The best supported model for cumulative 
non-waterfowl waterbird use days was the null or intercept only model in both 2018 (wi = 0.63; 
Table 163.9) and 2020 (wi = 0.51; Table 163.10). The best supported model for harvest rate was 
the null or intercept only model (wi = 0.72, 0.77; Tables 163.11 and 163.12) for 2018 and 2020, 
respectively. 
Models for data collected in 2019 were significantly different than those from the 2018 
and 2020. The best supported model (wi = 0.99; Table 163.13) for harvest rate during 2019 
included how many ducks were present in sanctuaries. This model suggested that harvest rate 
was approximately 0.98 ducks/hunter/trip and that for each 10,000 ducks/ha increase on 
sanctuaries, harvest in adjacent publicly hunted state management areas increased by 0.11 
ducks/hunter/trip. The best supported models for cumulative duck, waterfowl, and non-
waterfowl waterbird use days were the null or intercept only models (wi = 0.64, 0.65, 0.68; 
Tables 163.14, 163.15, and 163.16, respectively). 
Discussion 
We received dynamic responses from site superintendents regarding the availability and 
management of waterfowl sanctuaries on public lands in Illinois. Our survey results revealed 
motivations and/or limitations to actively managing hydrology on sanctuaries for early 
successional vegetation production. Surprisingly, site superintendents expressed limited evidence 
that suggested passive or unmanaged sanctuaries were a result of social pressures from hunters or 
surrounding landowners. Moreover, responses also evidenced that personal philosophies 
regarding the amount of food provided by sanctuaries was not a manifestation of current 
sanctuary management. In fact, the overwhelming majority of site superintendents indicated that 
sanctuaries should provide abundant foods consumed by waterfowl and none opposed waterfowl 
sanctuaries on managed areas. Thus, of our proposed hypotheses, the data best supports that site 
superintendents are inhibited by deficiencies in current infrastructure that disallows hydrological 
manipulation needed to promote early successional vegetation. There was additional evidence 
that select managers are limited in their ability to manage waterfowl sanctuary due to alternative 
uses that contradict the sanctuaries management for food production. However, this scenario was 
true only for waterfowl sanctuaries that were classified as unmanaged and nearly all sanctuaries 
identified as passively or actively managed did not report such inhibitions. 
Continued or novel active management activities will require maintained or increased 
financial support with most of the funding focused on infrastructure improvements and 
accessibility of equipment. Respondents differed slightly between those that currently passively 
manage indicating a need for infrastructure and those currently actively managing indicating a 
need for financial support, infrastructure, and equipment.  
Superintendents of sites containing sanctuary generally had a positive view of their 
sanctuary areas and acknowledged benefits of not hunting the area. Similarly, a limited number 
of superintendents expressed strictly negative views by stakeholders and none of the respondents 
would replace the designated sanctuary with hunting units. However, there appeared a noticeable 
need among manager for a scientific basis for management of sanctuaries for food. This specific 
need often originates with area managers and is a knowledge gap we are hopeful is narrowing 
with increased moist-soil workshops. However, a need also exists to explain to hunters the need 
for sanctuaries laden with food resources. 
Whereas data trends from 2018 and 2020 provided evidence for the hypothesis that 
sanctuaries with abundant food resources support greater numbers of waterfowl, surveys 
completed in 2019 did not offer the same support. Further, our limited data did not show a 
correlation between food availability or the numbers of birds on sanctuaries and harvest on 
adjacent hunted areas in 2018 and 2020 but did so during 2019. This may indicate that birds 
using sanctuaries with greater food availability are more sedentary and are less susceptible to 
harvest. Bellrose (1954) expressed a similar relationship in the functional role of sanctuaries as 
places for waterfowl to reduce energy expenditure rather than meeting their energetic needs. This 
contradicts Stafford et al (2010) which suggested increased localized waterfowl populations 
increased waterfowl harvest at state managed areas. However, the localized waterfowl 
populations on sanctuaries may not exhibit similar tendencies and vulnerability to those using 
hunted areas in the region. 
Data analyses for this study are ongoing. Our simple linear regressions reported herein 
provide trends and space for inference, but more complex modelling will aid in identifying the 
interactions and intricacies of the relationships among sanctuary, food, waterfowl use, and hunter 
harvest. Our future analyses will further answer questions about the function and necessity of 
food in waterfowl sanctuaries. However, future surveys will be needed to identify the underlying 
causes of these correlative relationships.
Table 163.1 Cumulative use estimated via aerial surveys of ducks and geese at 10 state fish and wildlife area sanctuaries in Illinois 
during October – December 2018-2020.  
    Ducks Waterfowl 
Site Refuge 2018 2019 2020 2018 2019 2020 
Banner Marsh SFWA Banner Marsh Refuge 6,875 61,700 4,980 8,610 85,978 9,465 
Donnelley SFWA Coleman Lake 10 20 110 10 30 120 
Henderson Creek SFWA Henderson Creek 41,935 557,873 167,460 56,735 576,993 171,210 
Lake Depue 3-I 120 105 0 120 105 0 
Marshall SFWA Babb's Slough 1,640 2,363 2,465 1,640 2,363 2,465 
  
Hitchcock/Sawyer 
Sloughs 3,975 6,153 32,270 5,445 10,545 32,595 
  Wightman Lake 0 1,090 5 110 2,830 5 
  Aitchison 430 8,110 390 430 8,835 395 
MS River SFWA Batchtown 260 650 1,620 260 650 1,620 
  Godar 6,265 131,935 103,900 8,035 141,165 115,200 
  Stump Lake Crull 12,985 169,420 42,065 12,985 173,163 42,385 
  Stump Lake Hudgins 1,060 4,030 20 1,095 5,780 20 
Rice Lake SFWA Barton Field 5,280 188,340 8,250 5,540 198,388 9,310 
  Ridge Field 100 10,643 0 620 11,123 300 
  Slim Lake 77,195 196,875 63,900 80,300 201,918 64,010 
Sanganois SFWA Ash Swale - - 71,020 - - 71,120 
  Barkhausen - - 111,600 - - 124,300 
  East Rest Ground - - 11,500 - - 11,700 
  Marson Piece - - 8,450 - - 8,600 
  Otter Lake - - 14,070 - - 15,670 
  Wood's Hole - - 63,700 - - 63,700 
Spring Lake SFWA SL Bottoms 1,945 11,685 2,175 2,000 15,600 2,175 
  Spring Lake Refuge 70 1,613 1,155 100 34,213 1,205 
Woodford SFWA Goose Lake 284,500 1,295,595 242,320 284,700 1,310,095 243,140 
Table 163.2 Total duck energy days (DEDs) estimated from vegetation quality assessments 
during late growing seasons 2018-2020 at 10 state fish and wildlife areas in Illinois. 
Site/Refuge 2018 2019 2020 
Banner Marsh SFWA 1,348,324.9 1,055,451.1 275,844.6 
Banner East - 239,166.2 0.0 
Impoundment 1 24,446.3 30,325.9 20,036.6 
Impoundment 2 908,101.8 60,458.8 53,136.4 
Impoundment 3 91,078.9 318,026.9 63,881.8 
Impoundment 4 239,166.2 354,122.7 61,303.4 
West Pasture 85,531.7 53,350.6 77,486.4 
Donnelley SFWA 178,305.8 76,443.9 57,580.6 
Coleman Lake 178,305.8 76,443.9 57,580.6 
Henderson Creek 
SFWA 0.0 2,831,416.4 157,228.7 
Henderson Creek 0.0 2,831,416.4 157,228.7 
Lake Depue 67,735.4 23,465.7 20,303.6 
3-I 67,735.4 23,465.7 20,303.6 
Marshall SFWA 1,309,584.0 735,261.0 1,590,293.1 
Babb's Slough 47,610.0 28,763.9 92,840.4 
Hitchcock Slough 0.0 36,302.3 120,943.1 
Sawyer Slough 534,260.5 308,680.6 786,379.3 
Wightman Lake 245,632.2 248,853.1 239,623.4 
Aitchison 482,081.3 112,661.0 350,506.9 
MS River SFWA 0.0 2,463,312.1 535,857.3 
Batchtown 0.0 464,345.2 230,654.1 
Godar 0.0 1,400,516.8 95,742.7 
Stump Lake Crull 0.0 236,451.8 115,166.0 
Stump Lake 
Hudgins 0.0 361,998.3 94,294.6 
Rice Lake SFWA 1,572,949.9 910,665.0 468,630.4 
Barton Field 1,476,774.1 579,988.8 65,880.9 
Ridge Field 73,627.8 330,676.2 286,905.8 
Slim Lake 22,548.0 0.0 115,843.6 
Sanganois SFWA - - 1,210,325.8 
Ash Swale - - 577,017.0 
Barkhausen - - 283,511.7 
East Rest Ground - - 139,857.5 
Marson Piece - - 96,590.8 
Otter Lake - - 71,637.1 
Wood's Hole - - 41,711.8 
Spring Lake SFWA 52,069.9 392,601.9 311,226.4 
North Lake 0.0 0.0 0.0 
SL Bottoms 52,069.9 174,397.5 125,037.2 
South Lake 0.0 218,204.4 186,189.2 
Woodford SFWA 231,485.2 68,920.9 254,063.6 
Goose Lake 231,485.2 68,920.9 254,063.6 
 
  
Table 163.3 Duck energy days (DEDs) attributed to planted crops (Japanese millet and/or corn) 
as estimated from vegetation quality assessments during late growing seasons 2018-2020 at 10 
state fish and wildlife areas in Illinois. 
Site/Refuge 2018 2019 2020 
Banner Marsh SFWA 952,548.8 599,413.4 77,486.8 
Banner East - - - 
Impoundment 1 - - - 
Impoundment 2 861,469.9 0.0 23,234.4 
Impoundment 3 91,078.9 282,556.4 23,892.7 
Impoundment 4 0.0 316,857.0 30,359.6 
West Pasture - - - 
Rice Lake SFWA 1,465,081.3 647,311.0 50,341.3 
Barton Field 1,465,081.3 414,502.1 0.0 
Ridge Field 0.0 232,808.9 19,362.0 
Slim Lake 0.0 0.0 30,979.2 
Table 163.4 Moist-soil seed density (kg/ha) estimated from vegetation quality assessments 
during late growing seasons 2018-2020 at 10 state fish and wildlife areas in Illinois. 
Site/Refuge 2018 2019 2020 
Banner Marsh SFWA 1,651.1 1,934.0 2,834.0 
Banner East - 271.3 0.0 
Impoundment 1 522.8 0.0 428.5 
Impoundment 2 522.8 0.0 680.0 
Impoundment 3 0.0 805.7 884.3 
Impoundment 4 271.3 648.5 538.5 
West Pasture 334.2 208.4 302.8 
Donnelley SFWA 742.8 318.5 239.9 
Coleman Lake 742.8 318.5 239.9 
Henderson Creek SFWA 0.0 962.9 1,151.5 
Henderson Creek 0.0 962.9 1,151.5 
Lake Depue 1,010.0 349.9 302.8 
3-I 1,010.0 349.9 302.8 
Marshall SFWA 2,527.1 2,472.5 4,264.2 
Babb's Slough 0.0 239.9 774.3 
Hitchcock Slough 632.8 302.8 915.7 
Sawyer Slough 397.1 365.6 931.4 
Wightman Lake 0.0 1,214.3 554.2 
Aitchison 1,497.2 349.9 1,088.6 
MS River SFWA 0.0 2,484.1 7,400.2 
Batchtown 0.0 459.9 2,747.1 
Godar 0.0 491.4 2,145.8 
Stump Lake Crull 0.0 758.5 1,402.9 
Stump Lake Hudgins 0.0 774.3 1,104.3 
Rice Lake SFWA 1,198.6 1,077.0 3,941.6 
Barton Field 1,198.6 632.8 1,528.7 
Ridge Field 0.0 444.2 1,214.3 
Slim Lake 0.0 0.0 1,198.6 
Sanganois SFWA - - 7,757.5 
Ash Swale - - 381.3 
Barkhausen - - 1,748.7 
East Rest Ground - - 2,000.2 
Marson Piece - - 1,623.0 
Otter Lake - - 1,072.9 
Wood's Hole - - 931.4 
Spring Lake SFWA 271.3 699.8 1,281.3 
North Lake 0.0 381.3 0.0 
SL Bottoms 0.0 318.5 915.7 
South Lake 271.3 0.0 365.6 
Woodford SFWA 334.2 239.9 884.3 
Goose Lake 334.2 239.9 884.3 
 
  
Table 163.5 Model selection results from linear models estimating the cumulative duck use days 
on sanctuaries at state managed areas in the Illinois River Valley of Illinois 10 October 2018 to 
22 Decmber 2018. Included are the number of parameters (K), Akaike’s Information Criterion 
adjusted for small sample size (AICc), difference in AICc from the best supported model 
(ΔAICc), and relative model weight (wi). 
Model K AICc ΔAICc wi 
Sanctuary Food Availabilitya 3 182.7 0 0.38 
Null 2 183.0 0.3 0.32 
Hunter Trips 3 184.1 1.5 0.19 
Sanctuary Size 3 185.9 3.2 0.08 
Food Density (EUD/ha) 3 187.9 5.3 0.03 
a Calculated using rapid assessment and Stafford (unpublished) equation 
 
Table 163.6 Model selection results from linear models estimating the cumulative duck use days 
on sanctuaries at state managed areas in the Illinois River Valley of Illinois 16 October 2020 to 
22 Decmber 2020. Included are the number of parameters (K), Akaike’s Information Criterion 
adjusted for small sample size (AICc), difference in AICc from the best supported model 
(ΔAICc), and relative model weight (wi). 
Model K AICc ΔAICc wi 
Sanctuary Food Availabilitya 3 203.7 0 0.42 
Null 2 204.1 0.4 0.27 
Hunter Trips 3 205.8 2.1 0.17 
Sanctuary Size 3 206.4 2.7 0.10 
Food Density (EUD/ha) 3 209.7 6.0 0.04 




Table 163.7 Model selection results from linear models estimating the cumulative waterfowl use 
days on sanctuaries at state managed areas in the Illinois River Valley of Illinois 10 October 
2018 to 10 January 2019. Included are the number of parameters (K), Akaike’s Information 
Criterion adjusted for small sample size (AICc), difference in AICc from the best supported 
model (ΔAICc), and relative model weight (wi). 
Model K AICc ΔAICc wi 
Sanctuary Food Availabilitya 3 183.83 0 0.86 
Hunter Trips 3 189.03 5.19 0.06 
Null 2 189.25 5.42 0.06 
Sanctuary Size 3 192.42 8.59 0.01 
Food Density (EUD/ha) 3 192.99 9.16 0.01 
a Calculated using rapid assessment and Stafford (unpublished) equation 
 
 
Table 163.8 Model selection results from linear models estimating the cumulative waterfowl use 
days on sanctuaries at state managed areas in the Illinois River Valley of Illinois 16 October 
2020 to 22 December 2020. Included are the number of parameters (K), Akaike’s Information 
Criterion adjusted for small sample size (AICc), difference in AICc from the best supported 
model (ΔAICc), and relative model weight (wi). 
Model K AICc ΔAICc wi 
Sanctuary Food Availabilitya 3 184.26 0 0.73 
Hunter Trips 3 188.58 4.32 0.16 
Null 2 188.72 4.46 0.12 
Sanctuary Size 3 190.39 6.13 0.03 
Food Density (EUD/ha) 3 192.47 8.21 0.02 
a Calculated using rapid assessment and Stafford (unpublished) equation  
Table 163.9 Model selection results from linear models estimating the cumulative non-waterfowl 
waterbird use days on sanctuaries at state managed areas in the Illinois River Valley of Illinois 
10 October 2018 to 22 December 2020. Included are the number of parameters (K), Akaike’s 
Information Criterion adjusted for small sample size (AICc), difference in AICc from the best 
supported model (ΔAICc), and relative model weight (wi). 
Model K AICc ΔAICc wi 
Null 2 160.72 0 0.63 
Food Density 3 163.6 2.88 0.15 
Sanctuary Food Availabilitya  3 163.81 3.09 0.13 
Hunter Trips 3 166.11 5.39 0.04 
Sanctuary Size 3 166.16 5.44 0.04 
a Calculated using rapid assessment and Stafford (unpublished) equation 
 
Table 163.10 Model selection results from linear models estimating the cumulative non-
waterfowl waterbird use days on sanctuaries at state managed areas in the Illinois River Valley 
of Illinois 16 October 2020 to 22 December 2020. Included are the number of parameters (K), 
Akaike’s Information Criterion adjusted for small sample size (AICc), difference in AICc from 
the best supported model (ΔAICc), and relative model weight (wi). 
Model K AICc ΔAICc wi 
Null 2 163.73 0 0.51 
Food Density 3 166.04 2.31 0.19 
Sanctuary Food Availabilitya  3 166.44 2.71 0.16 
Hunter Trips 3 167.85 4.12 0.09 
Sanctuary Size 3 168.84 5.11 0.05 







Table 163.11 Model selection results from linear models estimating the waterfowl harvest on 
public hunting areas adjacent to sanctuaries at state managed areas in the Illinois River Valley of 
Illinois 10 October 2018 to 22 December 2018. Included are the number of parameters (K), 
Akaike’s Information Criterion adjusted for small sample size (AICc), difference in AICc from 
the best supported model (ΔAICc), and relative model weight (wi). 
Model K AICc ΔAICc wi 
Null 2 12.09 0 0.72 
Sanctuary Food Availabilitya 3 15.69 3.6 0.12 
Sanctuary Size 3 17.11 5.03 0.06 
Hunter Trips 3 17.22 5.13 0.06 
Sanctuary Duck-Use-Days 3 17.47 5.38 0.05 
a Calculated using rapid assessment and Stafford (unpublished) equation 
 
Table 163.12 Model selection results from linear models estimating the waterfowl harvest on 
public hunting areas adjacent to sanctuaries at state managed areas in the Illinois River Valley of 
Illinois 16 October 2020 to 22 December 2020. Included are the number of parameters (K), 
Akaike’s Information Criterion adjusted for small sample size (AICc), difference in AICc from 
the best supported model (ΔAICc), and relative model weight (wi). 
 




Model K AICc ΔAICc wi 
Null 2 10.97 0 0.77 
Sanctuary Food Availabilitya 3 14.57 3.6 0.11 
Sanctuary Size 3 16.00 5.03 0.06 
Hunter Trips 3 16.10 5.13 0.04 
Sanctuary Duck-Use-Days 3 16.35 5.38 0.02 
Table 163.13 Model selection results from linear models estimating the waterfowl harvest on 
public hunting areas adjacent to sanctuaries at state managed areas in the Illinois River Valley of 
Illinois 18 October 2019 to 17 December 2019. Included are the number of parameters (K), 
Akaike’s Information Criterion adjusted for small sample size (AICc), difference in AICc from 
the best supported model (ΔAICc), and relative model weight (wi). 
     
Model K AICc ΔAICc wi 
Sanctuary Duck-Use-Days 3 7.36 0 0.99 
Null 2 17.21 9.85 0.01 
Sanctuary Size 3 20.5 13.14 0 
Sanctuary Food Availabilitya 3 20.94 13.58 0 
Hunter Trips 3 21.13 13.77 0 
a Calculated using rapid assessment and Stafford (unpublished) equation 
 
Table 163.14 Model selection results from linear models estimating the cumulative duck use 
days on sanctuaries at state managed areas in the Illinois River Valley of Illinois 18 October 
2019 to 17 December 2019. Included are the number of parameters (K), Akaike’s Information 
Criterion adjusted for small sample size (AICc), difference in AICc from the best supported 
model (ΔAICc), and relative model weight (wi). 
    
    
Model K AICc ΔAICc wi 
Null 2 263.88 0 0.64 
Sanctuary Size 3 267.16 3.28 0.12 
Sanctuary Food Availabilitya 3 267.34 3.46 0.11 
Food Density (EUD/ha) 3 268.63 4.75 0.06 
Hunter Trips 3 268.65 4.77 0.06 
a Calculated using rapid assessment and Stafford (unpublished) equation 
  
Table 163.15 Model selection results from linear models estimating the cumulative waterfowl 
use days on sanctuaries at state managed areas in the Illinois River Valley of Illinois 18 October 
2019 to 17 December 2019. Included are the number of parameters (K), Akaike’s Information 
Criterion adjusted for small sample size (AICc), difference in AICc from the best supported 
model (ΔAICc), and relative model weight (wi). 
   
    
Model K AICc ΔAICc wi 
Null 2 263.93 0 0.65 
Sanctuary Size 3 267.29 3.36 0.12 
Sanctuary Food Availabilitya 3 267.43 3.5 0.11 
Hunter Trips 3 268.69 4.76 0.06 
Food Density (EUD/ha) 3 268.69 4.76 0.06 
a Calculated using rapid assessment and Stafford (unpublished) equation 
 
 
Table 163.16 Model selection results from linear models estimating the cumulative non-
waterfowl waterbird use days on sanctuaries at state managed areas in the Illinois River Valley 
of Illinois 18 October 2019 to 17 December 2019. Included are the number of parameters (K), 
Akaike’s Information Criterion adjusted for small sample size (AICc), difference in AICc from 
the best supported model (ΔAICc), and relative model weight (wi). 
   
     
Model K AICc ΔAICc wi 
Null 2 197.44 0 0.68 
Food Density (EUD/ha) 3 200.7 3.26 0.13 
Sanctuary Food Availabilitya 3 202.18 4.47 0.06 
Hunter Trips 3 202.22 4.78 0.06 
Sanctuary Size 3 202.23 4.8 0.06 
a Calculated using rapid assessment and Stafford (unpublished) equation  
 
Figure 163.1 Example comments made by public on social media regarding their opposition to 
promoting food production in waterfowl sanctuaries.  
 
Table 163.2 Duck energy days (DEDs) attributed to moist-soil plants as estimated from 
vegetation quality assessments during late growing seasons 2018-2020 at 10 state fish and 
wildlife areas in Illinois. 
Site/Refuge 2018 2019 2020 
Banner Marsh SFWA 395,776.1 456,037.7 198,357.9 
Banner East - 239,166.2 0.0 
Impoundment 1 24,446.3 30,325.9 20,036.6 
Impoundment 2 46,631.9 60,458.8 29,902.0 
Impoundment 3 0.0 35,470.6 39,989.1 
Impoundment 4 239,166.2 37,265.7 30,943.7 
West Pasture 85,531.7 53,350.6 77,486.4 
Donnelley SFWA 178,305.8 76,443.9 57,580.6 
Coleman Lake 178,305.8 76,443.9 57,580.6 
Henderson Creek 0.0 2,831,416.4 157,228.7 
Henderson Creek 0.0 2,831,416.4 157,228.7 
Lake Depue 67,735.4 23,465.7 20,303.6 
3-I 67,735.4 23,465.7 20,303.6 
Marshall SFWA 1,309,584.0 735,261.0 1,590,293.1 
Babb's Slough 47,610.0 28,763.9 92,840.4 
Hitchcock Slough 0.0 36,302.3 120,943.1 
Sawyer Slough 534,260.5 308,680.6 786,379.3 
Wightman Lake 245,632.2 248,853.1 239,623.4 
Aitchison 482,081.3 112,661.0 350,506.9 
MS River SFWA 0.0 2,463,312.1 535,857.3 
Batchtown 0.0 464,345.2 230,654.1 
Godar 0.0 1,400,516.8 95,742.7 
Stump Lake Crull 0.0 236,451.8 115,166.0 
Stump Lake 
Hudgins 0.0 361,998.3 94,294.6 
Rice Lake SFWA 107,868.6 263,354.0 418,289.1 
Barton Field 11,692.8 165,486.7 65,880.9 
Ridge Field 73,627.8 97,867.3 267,543.8 
Slim Lake 22,548.0 0.0 84,864.4 
Sanganois SFWA - - 1,210,325.8 
Ash Swale - - 577,017.0 
Barkhausen - - 283,511.7 
East Rest Ground - - 139,857.5 
Marson Piece - - 96,590.8 
Otter Lake - - 71,637.1 
Wood's Hole - - 41,711.8 
Spring Lake SFWA 52,069.9 392,601.9 311,226.4 
North Lake 0.0 0.0 0.0 
SL Bottoms 52,069.9 174,397.5 125,037.2 
South Lake 0.0 218,204.4 186,189.2 
Woodford SFWA 231,485.2 68,920.9 254,063.6 
Goose Lake 231,485.2 68,920.9 254,063.6 
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Study 164: Movement ecology of Canada Geese wintering in the greater 
Chicago metropolitan area 
 
Objectives:  
• Determine daily flight distance, winter home range size, and proportional habitat use of a 
minimum of 10 Canada geese in the GCMA during winter, 
• Determine factors affecting daily movements and habitat use of a minimum of 10 Canada 
geese in the GCMA during winter, 
• Identify movement patterns of a minimum of 10 Canada geese that pose risks for conflict 
with humans in target areas of the GCMA during winter, 
• Quantify chronology and distribution of molt migrating Canada geese nesting in the 
GCMA, 
• Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral presentations, 
technical reports, peer-reviewed publications, and other means, and 
• A popular article (~500 words and 2 photos) describing the project will be provided to 
Illinois Department of Natural Resources by the grant end date. 
 
Introduction 
 Geese have adapted well to human-altered landscapes across North America (Holevinski 
et al. 2007) and the world (Fox 2014, Atkins et al. 2017), contributing to increasing populations 
(Fox and Madsen 2017). Canada geese (Branta canadensis) are often associated with conflicts 
due to risks air traffic (Bradbeer et al. 2017), aggression towards people (Smith et al. 1999), and 
negative impacts of fecal deposition on greenspaces and water quality (Manny et al. 1994). 
While Canada geese are negatively associated with conflicts, they are also an economically and 
culturally important games species (Heinrich and Craven 1992, Berkes et al. 1994, Buij et al. 
2017, Luukkonen et al. 2021) with an estimated 271,700 active goose hunters harvesting just 
around 1 million Canada geese annually in the Mississippi Flyway alone (Fronczak 2020).  
 Canada geese are an important game species throughout Illinois and the midwestern 
United States with a harvest of over 1 million estimated in the Mississippi Flyway during 2017. 
This species serves an important ecological role in a range of ecosystems and is associated with 
both positive and negative economic impacts. Canada goose population ecology is well studied 
in the U.S. and Canada, and this species is intensively managed to regulate sport harvest within 
and among goose subpopulations (Klimstra and Padding 2012). In the past several decades, the 
Mississippi Valley population of subarctic-breeding Canada geese, which breeds in the lowlands 
of Hudson Bay, Canada, has remained relatively stable in abundance but appears to have 
changed its wintering range and migration timing (Gates et al. 2001, AGJV 2013). 
 Northeastern Illinois is an important wintering area for both temperate- and subarctic-
breeding Canada geese, following a northward shift in wintering abundances of subarctic-
breeding Canada geese. Geese congregate in near electric generation cooling lakes, open river 
channels, navigation waterways, and other isolated areas of open water in GCMA (Havera 1999). 
During mild winters, the GCMA may be the terminal wintering latitude for many temperate-
nesting geese breeding in northeastern Illinois, as well as migrating subarctic-breeding and 
temperate-nesting geese from Wisconsin and Ontario. Geese are likely attracted to the GCMA 
because of reduced risk from natural predators, little to no hunting; open water throughout winter 
at aerated ponds, warm-water out-flows into waterways, electrical generation cooling lakes; and 
presumably ample food sources due to extensive agriculture and waste grain within the region. 
Goose abundances may reach significant numbers during winter offering opportunities for 
wildlife recreation (e.g., viewing, hunting), but may also create challenges and conflicts that 
range from inconvenient (e.g., noise, droppings) to extremely hazardous (e.g., aircraft strikes).  
 Management of nuisance goose abundances through lethal means (i.e. hunting and 
euthanasia) are the most effective techniques to reduce goose abundances in a region at 
meaningful time scales but are not possible or popular in urban areas. However, geese that 
remain in the safety of urban areas throughout winter may be exposed to harvest during molt 
migrations. Molt migration by temperate-nesting Canada geese is the northward movement to the 
Arctic and Subarctic by failed- and non-breeders following the nesting period. Molt migration is 
common in Canada geese nesting in the Upper Midwest (Coluccy 2001, Luukkonen et al. 2008) 
and has been documented previously in Illinois (Lawrence et al. 1998). Exposure to harvest 
during southward molt migration may influence demographic rates. However, the factors 
influencing propensity to undergo molt migration are still poorly understood.  
 We investigated wintering ecology, movements in relation to Midway International 
Airport, breeding origins, and migratory movements of Canada geese wintering in the GCMA. 
By understanding the movements of geese near airports, we can provide information on where 
and when geese might be in the path of aircraft and better understand why geese cross 
commercial airspace. In addition, we examined trade-offs 
 We quantified daily movement distances, distribution, and habitat use of urban and rural 
wintering Canada geese. We will determine breeding origins and nest sites of Canada geese that 
overwinter in the GCMA to improve understanding of where nuisance goose abundances in 
winter originate. Lastly, we will quantify the distribution and timing of geese wintering in the 
GCMA to improve our understanding of how hunting in more northern areas influences these 
abundances. Results of this research will provide a better understanding of factors influencing 
how geese use the GCMA, source populations of geese using areas of interest, and how wildlife 
and habitat managers can manage geese to increase wildlife related recreation or dissuade geese 
from using areas to avoid dangerous conflicts. 
METHODS 
Study Area 
 Our study area incorporates the GCMA including portions of Cook, DuPage, Kane, 
Kendall, and Will counties. The GCMA is heavily urbanized but transitions to a suburban-rural 
gradient in outlying suburbs. The GCMA averages 43 days annually below freezing, with 7 days 
below -18 °C and averages approximately 93 cm of snowfall annually. The GCMA has an 
estimated temperate-nesting Canada goose population exceeding 30,000 individuals (Paine et al. 
2003) and a human population of 9.4 million, including the city of Chicago and surrounding 
suburbs. 
Field Methods 
 We deployed GPS-GSM transmitters in both rural and urban areas from October 2018 – 
May 2019 in addition to active transmitters. During fall/winter of 2018 we captured geese in 
urban areas around Midway as well as more rural portions of Kane and Cook counties (n = 14; 
Figure 164.1) and nesting females in several parts of the GCMA during springs 2019 - 2020 (n = 
37). Data from these transmitters augment transmitters deployed from November 2014 – April 
2018 (n = 74). We focused capture efforts at sites nearby Midway International Airport 
(41º47'6.5"N, 87º45'6"W) such as large parks, cemeteries, and the Stickney Water Reclamation 
Plant because of their available habitat and increased risk of goose-aircraft collisions when 
Canada geese concentrated at these locations throughout the fall and winter months. We used 
animal net guns (Wildlife Capture Services, Flagstaff, Arizona, USA) for most captures. After 
we captured a goose, we determined sex using cloacal inversion, age using feather 
characteristics, and recorded morphological measurements (i.e., mass, skull length, culmen 
length, tarsus length; Moser and Rolley 1990, Moser et al. 1991). An aluminum leg band and a 
GPS transmitter affixed to a neck collar was then placed on each goose prior to release (Castelli 
and Trost 1996, Coluccy et al. 2002, Caswell et al. 2012). Transmitters included solar-powered 
GPS units from Cellular Tracking Technologies in Somerset, Pennsylvania, USA, and operated 
on the Global System for Mobile communications network and were configured to acquire a 
GPS location once per hour. Transmitters were < 2% of the body mass of Canada geese (x̅ = 
4,713 grams, SE =10.6) and all Canada geese were captured and handled using the approved 
methods detailed by the University of Illinois Institutional Animal Care and Use Committee 
(Protocol # 14155). 
Movements and habitat use of urban versus rural 
 We quantified daily movement distance of geese by calculating the Euclidean distance 
between sequential points. We used generalized linear mixed effects models to compare 
differences in movement distances between geese in different portions of Chicago (i.e. suburban 
and urban) and the effects of weather on each group. We are continuing to work modeling the 
effects of region, time of year, and weather on utilization distributions (home ranges) of all geese 
using autocorrelated kernel density estimates (package ctmm, Calabrese et al. 2018). These 
analyses are incomplete currently. Lastly, we quantified proportional habitat use from 1 
September to 31 March, 2016 - 2020. Habitat layers were derived from the National Landcover 
Database and the National Agricultural Statistics Service’s Cropland Data layer that provides 30 
m resolution of agricultural crop types. We used generalized linear mixed effects models to 
model the effects of region and temperature on habitat use of urban and suburban wintering 
geese.  
Southward departure  
 We quantified southward departure from the GCMA during winter in order to examine 
factors influencing southward departure and exposure to open hunting seasons. We determined 
mean dates of departure and modeled the distribution of transmittered geese that departed the 
GCMA using Kernel Density Estimates. Location data was used to visually assess nest attempts 
by identifying periods of reduced movement in March and April that could indicate nest 
attendance. We plan to improve our ability to identify nests soon by developing a machine 
learning algorithm that identifies patterns in movement indicating nesting or non-nesting 
movement behavior.  
Airspace intersection 
 We have previously quantified risk to air traffic (see Askren et al. 2019), but provide an 
abbreviated description of that research here. We examined movements in relation to MDW by 
quantifying intersections of transitional movements with important air space during winter from 
1 November to 28 February 2016. We examined all instances of transitional movements that 
occurred within the GCMA. We classified transitional movements based on habitat types, start 
and end, associated with each movement. We classified habitats as green space, water, rooftop, 
railyard, or miscellaneous using available aerial imagery and ancillary information (Google Earth 
Pro, Google Inc., Mountain View, CA, USA). We analyzed intersection of movements with a 
1.61 km and 3.05 km radius buffers and extensions of runway headings based on 
recommendations for distances from wildlife attractants (i.e. dumps, waterbodies; Cleary and 
Dolbeer 2005).  
 We used ANOVA to examine differences in habitat transitions and proportion of 
intersections by individuals and habitat types (AOV; Program R, R Foundation for Statistical 
Computing, Vienna, Austria). We modeled the intersection of movements using mixed effect, 
logistic regression modeling (GLMER) in Program R using a suite of biologically plausible 
predictor variables based on existing literature and individual goose ID as a random effect. 
Targeted Harassment 
 To study the effects of harassment in the GCMA, we used data from 55 transmitters on 
Canada geese from 14 November 2015 through 16 November 2018 at parks, cemeteries, housing 
complexes, and water treatment plants within 15 km of MDW (Figure 164.2). Harassment was 
conducted by USDA-Wildlife Services employees on a flexible, 5-day a week basis from 1 
December - 28 February, 2017 – 2019 at Marquette Park, matching a level sustainable in 
addition to Wildlife Services ongoing duties. Geese were mainly harassed by approaching geese 
on foot or with an all-terrain vehicle and by clapping two-by-fours together, especially when on 
water. Harassment occurred until all or most of the flock flushed. At each harassment event, 
Wildlife Services personnel recorded time and location of each harassment event in addition to 
tertiary information (i.e. transmitters, # of birds). 
 We used generalized mixed effects models to quantify the effects of weather, harassment, 
city parks, and week of season on aspects of goose movement and behavior at daily and hourly 
time scales. Dependent variables of movement include departures from major greenspaces (large 
city parks and one cemetery) and total daily movement distances (the sum of the distance 
between all daytime locations). We assigned locations to land uses and city parks by extracting 
values from spatial shapefiles of city parks and land uses to points (package ‘sp’). Individual 
transmitters were assigned to city parks each season if > 10% of their locations occurred in any 
one city park. Those that did not were classified as other. We quantified departures by 
determining the number of occasions when locations transitioned from in parks to outside parks. 
To quantify the effects of harassment and weather on dependent variables of proportional 
habitat use we used linear mixed effects models with predictor variables including temperature, 
snow depth (cm), and exposure to harassment. We classified each location to a specific land use 
using a habitat layer we digitized using high resolution aerial imagery. We quantified 
proportional habitat use and modeled the proportion of diurnal time spent in those most used ( 
greenspaces, waterways, railyards, and rooftops) by temperature, snow depth, and harassment. 
We tested for correlation between predictor variables and excluded one in a pair with Pearson 
correlation coefficients > .70. 
We used on-board accelerometers, which record acceleration in 3 axes for a 3 second 
period (i.e. ACC packet), to classify behaviors associated with each GPS locations (~ 4 per 
locations or hour). These ACC packets must be translated to instantaneous behaviors using field 
observations (Shamoun-Baranes et al. 2012) and machine learning classification. We recorded ~ 
10 hours of video of transmittered geese and paired direct observations to ACC packets that 
could be unambiguously classified as alert (i.e. vigilance), head tucked (i.e. resting), feeding, and 
in-flight behaviors. We used a workflow with a boosting algorithm (package ‘XGBoost’) to build 
a classification model to label ACC packets (Shamoun-Baranes et al. 2012, Kölzch et al. 2016).  
We modeled the effects of exposure to harassment on time budgets of geese during 
daylight hours. We used generalized linear mixed models with a log link and Gaussian error 
distribution (package ‘lme4’). We calculated the daily sum of alert, feeding, resting, in flight and 
other (i.e. unclassifiable) for each transmittered goose using accelerometer data. Climatic 
variables (average daily temperature, average daily wind speed, daily snow depth) recorded at 
the Midway International Airport weather monitoring station (Wunderground, Brookhaven, 
Geogia). In addition, we quantified a metric of harassment as the number of goose locations in 
Marquette Park during periods of harassment. We included ID as a random effect to account for 
differences among individuals and scaled continuous response variables to two standard 
deviations from their means (Gelman 2008).  
Molt migration 
 Nests 
For geese captured at nests in Toronto and northeastern Illinois, we recorded nest location 
and estimated incubation based on embryo development using the float method or egg candling 
at time of nest check (Walter and Rusch 1997). In addition, we estimated nesting attempts, nest 
site, incubation length, and nest success by plotting daily movement distances and visually 
inspecting GPS locations for previously transmittered geese and those nesting outside of Illinois. 
Nesting attempts were evident from decreased movement and distances between mean locations 
of < 300 m in subsequent days. We estimated nesting success based on the length of incubation 
and movements after leaving the nest site. We defined a successful nesting individual as one 
whose incubation period was at least 25 days and the individual did not exhibit long distance 
movements (~2.5 km between sequential locations). 
During 2018 – 2020, we removed 69 nests of transmittered geese in northeastern Illinois 
and Toronto to artificially induce nest failure, remove parental obligations, and encourage molt 
migration. We removed nests at approximately 14 days of incubation in order to reduce the 
likelihood of renesting (Smith et al. 1999). We monitored locations to determine if renesting 
occurred and removed re-nesting individuals from subsequent analyses (n = 8). We tracked geese 
following nest failure, including nest depredation/abandonment from unmanaged goose nests, 
location of geese were monitored to determine incidence of molt migration (i.e., did or did not 
molt migrate), which we defined as large-scale movements (>100 km) in a northward direction 
following the breeding season. Our GPS-GSM transmitters relied on cell service to upload data 
and cellular coverage is limited in the subarctic, thus we did not have precise data on mortality in 
the Subarctic if birds did not return south during fall migration. However, we typically received 
data indicating northward migration and had no instance of transmitters that were presumed to 
have died in the subarctic be reported in subsequent season. We included such cases of known 
molt migration in data on timing, landscape effects, and survival and assigned mortality to date 
of the last known location.  
Effects of landscape composition 
We estimated the proportion of both non-breeding and failed nesting geese that undertook 
molt migrations. We quantified the mean linear distance from nests for each breeding individual 
by month to describe post-breeding movement. In order to quantify landscape composition for 
non-breeding geese not associated with a nest location, we used the mean location during the 
first two weeks of May, prior to the start of molt migration of temperate-breeding Canada geese 
(Luukkonen et al. 2008). We used the mean distance of failed-nesting geese from nests during 
the month of July (x̄ = 5.28 km) to extract landscape composition (package Raster, Hijmans et al. 
2015) from publicly available 2015 - North American Land Change Monitoring System data 
(NALCMS; MRLC.gov, accessed 15 May 2021). We used the NALCMS data layer as it 
provides uniform mapping of biologically relevant land uses for both the United States and 
Canada. We created a suite of candidate models representing the effects of land uses and 
breeding areas on the probability of molt migration of failed-nesting Canada geese using general 
linear mixed effects models (Bolker et al. 2009; Table 164.1) and ranked models in an Aikaike’s 
Information Criterion framework to choose the model that best describes the effects of landscape 
composition on the probability of molt migration (AICc; Burnham and Anderson 2002). We 
included additive and interactive combination of waterbodies, wetland, cropland, forest, urban 
land uses (> 20% impervious surfaces), and breeding status (nonbreeding or failed breeding) 
with individual ID as a random effect (Table 164.1). We chose these land uses as predictors as 
previous work has suggested a relationship between propensity to molt migrate and surrounding 
land use (Luukkonen et al. 2008), the importance of wetlands and waterbodies for nesting and 
molting geese (Jehl 1980), and agriculture is the dominate land use in northeastern Illinois and 
outside of Toronto.  
Foraging and duration of molt 
We used tri-axial accelerometer data to remotely quantify differences in the proportion of 
time spent in foraging and alert behaviors as a proxy for foraging environment and predation risk 
(Weegman et al. 2017, VonBank et al. 2021). We used a machine-learning workflow with an 
extreme gradient boosting algorithm (package XGboost; Chen and Guestrin 2016) to build 
separate classification models for CTT and Ornitela transmitters (due to their different data 
outputs) to predict unknown ACC packets (Shamoun-Baranes et al. 2012, Kölzch et al. 2016, 
VonBank et al. 2021). We built training datasets from which to train classification models by 
pairing observed behaviors from video of recorded geese in the field to ACC packets that could 
be unambiguously classified as head-up (i.e., alert), foraging, or in-flight behaviors. We first 
calculated summary statistics for each ACC packet and translated these summarized ACC 
packets to instantaneous behaviors using a supervised machine learning approach and 
classification process (Shamoun-Baranes et al. 2012, Resheff et al. 2014, VonBank et al. 2021). 
Summary statistics include measures of overall acceleration among all axes, changes in 
acceleration in single axes, and relational measures between two axes following methods of 
Resheff et al. (2014). The accuracy of the trained, extreme gradient boosting algorithm was 
89.1% for CTT and 93.8% for Ornitela transmitters (i.e., how often the observed behavior was 
the same as the predicted behavior). We assigned predicted behaviors to the nearest GPS fix (i.e., 
30 minutes before or after) via timestamps, resulting in ~ 4 behaviors per locations per GPS fix.  
We tested for differences in the daily proportion in foraging and alert behaviors by month 
and molting region (Subarctic and temperate) using general linear mixed effects models with 
individual ID as a random effect in package lme4 (Bates et al. 2015). We considered differences 
significant at P < 0.05 and report means (±1 SE). In addition, we used incidence of flight derived 
from labeled accelerometer data as an index of flightlessness, or the duration without instances 
of in-flight behavior. In order to reduce false positive classification of fight, we selected 
classified data in the upper quartile range for each individual, leaving only ACC packets that had 
a high probability of being attributable to flight. We used linear mixed effect models to examine 
the effects of location (i.e. subarctic or temperate) and individual ID as a random effect on 
estimated length of flightlessness by molting geese.  
Survival 
We modeled monthly survival from May – October as a function of molt migration (did 
or did not), breeding success (failed, successful, nonbreeding), and nesting areas using known-
fate models using package RMark (Laake and Rexstad 2008) to implement Program MARK 
using staggered entry encounter histories (Pollock et al. 1989,White and Burnham 1999). We 
evaluated the importance of predictor variables by investigating all possible variable 
combinations on survival (Table 164.2), including a null model, using AICc and cumulative 
weights (wi) for each model (Rotella 2005). We identified mortalities based on repeated, 
stationary locations or reports of harvested transmitters and located transmittered deceased birds 
whenever possible to determine if it was due to mortality or transmitter loss. We based mortality 
on the last date we received data from a given transmitter, so if transmitter movements indicated 
northward movement of a molt migration and no further data was received, due to lack of cell 
towers in Subarctic molting areas, we assigned that mortality to the month we last received data. 
We calculated period survival and 95% CIs using the delta method and plotted cumulative 
survival function by taking the cumulative product of monthly survival estimates (Nur et al. 
2004, Ryder et al. 2010). Lastly, we used a G-test for independence using 2 x 2 contingency 
tables to test differences between the ratio of molt migratory and non-molt migratory geese that 
were harvested and reported and considered results significant at P< 0.05 (Woolf 1957). 
RESULTS 
Urban and rural comparisons 
 Survival 
We recorded 37 mortalities out of 95 geese (241 goose/winters) during winters 2015–
2021. Sources of mortality included 17 harvest-mortalities and 20 non-harvest mortalities (i.e. 
vehicle collisions, exposure/starvation; Figure 164.3). Mean harvest date was November 22nd 
(range = 5-October – 27-January) and mean date of non-harvest mortalities was January 13th 
(range = 30-October – 24-March). Most mortalities occurred in and around northeastern Illinois 
(26 of 37) but ranged as far as Minnesota and Tennessee (Figure 164.4). 
Seasonal survival did not differ between urban and rural wintering geese (Sseason = 83.2% 
± 26.0% SE, F1,102 = 2.9, P = 0.10) or season (F5,102 = 1.8, P = 0.08). Mean weekly survival was 
99.3% (± 2.1 SE) for all geese during our study period and season survival (i.e., using the delta 
method) was 83.2% (± 26.0). Weekly survival decreased by 0.5% for every 10° C decrease 
(F1,3711 = 2.0, P = 0.03), but there was no effect of snow cover (F1,3711 = 0.9, P = 0.24), change in 
latitude (F1,4196 = 0.4, P = 0.53), or breeding population (F1,15 = 0.7, P = 0.42). Survival of geese 
wintering in urban areas decreased with decreasing temperatures (z = 2.3, P = 0.02), but did not 
differ for geese wintering in rural areas (z = -0.6, P = 0.53, Figure 164.5). 
The probability of non-harvest mortality increased with decreasing temperatures (x̄temp = -
1.73° ± 2.0, z = -2.68, P = 0.01), while probability of harvest mortalities was constant with 
temperature (x̄temp = 3.6° ± 1.72, z = 0.93, P = 0.35; Figure 164.6). The probability of harvest 
mortality increased with proportion of rural land uses (x̄rural = 26.0% ± 4.7 SE, z = 2.5, P = 0.01) 
compared to non-harvest mortalities (x̄rural = 9.1% ± 4.6, z = 2.5, P = 0.87; Figure 164.6).  
Movement and energetic expenditure   
Daily movement distance had a quadratic (i.e., x3) relationship with temperature while all 
other relationships were best represented by a cubic polynomial term (i.e., x2). Daily movement 
distance was greatest at -10° C (x̄ = 5.9 km), decreased at warm and cold temperature extremes 
(R2adj = 0.27, F2, 23,669 = 27.7, P < 0.01), and increased exponentially with increased snow cover 
(R2adj = 0.23, F2, 23,831 = 122.6, P < 0.01). Energetic expenditure was greatest at 10° C (x̄ = 0.058 
± 0.02) and decreased as temperature decreased (R2adj = 0.36, F2, 14,289 = 570.24, P < 0.01) and 
was greatest at zero snow cover and approximately 80 cm of snow cover (R2adj = 0.36, F2, 14,289 = 
363.2, P < 0.01). There was no difference between subarctic-breeding and temperate-breeding 
Canada geese in terms of daily movement distance (x̄ = 5.7 ± 4.6 SD; F1, 89 = 3.5, P = 0.07) or 
energetic expenditure (F1, 50 = 0.7, P = 0.40).
 
Geese in rural areas moved greater distances than birds in urban areas except during 
extreme cold temperatures when movement distances were similar (R2adj = 0.22, F4, 23,656 = 31.0, 
P <0.001; Figure 164.6). The inverse of this was true for energy expenditure (i.e., scale ODBA) 
with geese in urban areas expending more energy at warmer temperatures (> -10 C°), but less 
energy at colder temperatures compared to rural areas (R2adj = 0.25, F2, 13,918 = 28.8, P <0.001; 
Figure 164.7). 
Behaviors 
 Geese increased the proportion of time spent foraging by 4.5% for every 10° C increase 
(F1, 13,919 = 1309.5, P < 0.001) and decreased foraging by 3.7% for every 10 cm increase in snow 
cover (F1, 13,229 = 684.3, P < 0.001). There was no effect of breeding population on time spent 
foraging (F1, 55 = 1.9, P = 0.17). Geese in urban areas foraged more than those from rural area at 
warmer temperatures, but less during temperatures below approximately -10° C (R2adj = 0.25, F4, 
13,901 = 406.5, P <0.001; Figure 164.8). Geese spent more time in flight in rural areas than urban 
areas across all temperatures (R2adj = 0.09, F4, 13,899 = 18.1, P <0.001; Figure 164.8).  
Harassment 
Of 47 geese tracked during this study, 17 bred within the study region (Chicago Area), 
while 30 bred in other parts of the upper Midwest and Canada. We recorded a total of 99,919 
locations (n = 47 geese), consisting of 44,333 daytime locations and 55,586 nighttime locations. 
We conducted 359 harassment events during 4 Dec 2017 – 3 Mar 2018 and 268 harassment 
events during winter of 7 Dec 2018 – 1 Mar 2019. An average of 25.6 (±18.7 SE) harassment 
events were conducted each week in 2017–2018 and 20.6 (±12.3) in 2018–2019. In both years, 
12 individual geese were harassed, resulting in a total 105 goose/harassment days in 2017–2018 
and 123 goose/harassment days in 2018–2019.  
Departures and Movement Distance 
The probability that a goose left the park where harassment occurred on a day when no 
harassment occurred was 6.3% (± 5.6 SE, n =19) compared to 21.8% (± 9.6, n = 19) on days 
when harassment occurred. Geese that were harassed returned to the location where they were 
harassed faster (return time = 40.6 hours ± 0.24, n = 349) than when not harassed (return time = 
78.8 hours ± 0.21, n = 146, t = -3.9, p < 0.005). The daily distance moved by geese in the park 
where harassment occurred was greater (5,907.5 m ±1,336.6 SE, n = 13) than geese in the parks 
without harassment (4,040 m ±667.8 SE, t23.18 = 3.37, p < 0.01). Furthermore, geese using the 
harassment site where harassment occurred moved 1.61 times further on days when harassment 
occurred than days that it did not (4,282 m ± 0.09 versus 6,433.22 m ± 0.09, t = 8.64, p < 0.01).  
There was an immediate effect of harassment as the hourly average distance moved of harassed 
geese (531.7 m) was greater than the average distance moved without harassment (429.0 m, t = 
1.94, p = 0.05). The number of harassment events in a day had diminishing returns, with a 
negative correlation between with the number of harassment events and distance moved (t = -
4.47, p < 0.01). 
There was no difference in the daily distance moved of local breeding vs. non-local geese 
in parks without harassment (3,969 m ± 0.11 vs. 4,269 m ± 0.08, p = 0.58) or with harassment 
(5,864 m ± 0.13 vs. 5,209 m ± 0.11, t = -0.74, p = 0.46). Overall, geese that bred locally departed 
parks at similar rates (0.39 departures/day ± 0.24) to geese that bred in other regions (0.31 
departures/day ± 0.31, z = -0.74, p = 0.458). However, when harassed, local breeders departed a 
park more often (harassed = 1.68 departures/day ± 0.25) than geese that bred in other regions 
(harassed = 0.86 departures/day ± 0.25; p < 0.01, z = 3.15).  
Land Cover Use 
There was no long-term effect of harassment resulting in geese spending less time in the 
harassed site compared to geese in other parks during the study period (z = -0.10, p = 0.92; 
Figure 164.9). During daylight hours, 57.4% (± 17.1 SD) of locations occurred in greenspaces 
(including 21.1% (± 35.2) in large city parks), 14.4% (± 14.6) in developed land covers 
(including parking lots, industrial areas), and 28.4% (±10.6) on waterbodies (e.g., rivers, ponds). 
Of locations recorded immediately following harassment (1 hour later), 71.4% remained in the 
harassment site, meaning they left the park but returned within the hour or simply flew to another 
portion of the park. Geese that left the park after harassment used commercial rooftops (23.9%, n 
= 6), railyards (20.2%, n = 7), other parks (16.5%, n = 8), water treatment ponds (12.0%, n = 5), 
and sports fields (11.0%, n = 4). Use of water (z = -40.1, p < 0.01) and developed resources 
decreased (z = -9.2, p < 0.01) while use of greenspace increased (z = 49.7, p < 0.01) with 
increasing temperatures (Figure 164.10). Use of water (z = -29.0, p < 0.01) and developed 
resources increased (z = 24.9, p < 0.005) and use of greenspace decreased (z = -50.8, p < 0.01) 
with increasing snow depth (Figure 164.10). As temperature declined and snow depth increased, 
geese tended to leave greenspace for open water, unrelated to harassment. 
Behavioral Time Budgets  
 On average, geese in this study spent 31.0% (± 4.6% SE) in alert behavior, 35.0% (± 
4.7%) in foraging behavior, 3.5% (± 1.5%) in resting behavior, and 20% in other behaviors. 
Geese that primarily used the harassment site spent 4.7% more time in alert behavior (± 7% SE, 
z = 2.8, p < 0.01) and 1.6% more time in flight (± 20%, z = 3.61, p < 0.01) on days when 
harassment occurred but there was no effect on foraging (z = -1.46, p = 0.14) or resting (z = -
0.50, p = 0.62) behaviors. Prior to harassment, proportion of time spent in the 4 focal behaviors 
by geese located in the harassment site did not differ from geese in other parks, but geese in the 
harassment site spent more time alert and in flight and less time foraging an hour after 
harassment than times when harassment did not occur (Table 164.3). Geese spent more time in 
alert and resting behavior and less time foraging in waterbodies and developed land covers 
compared to greenspaces (Table 164.3). We investigated the impact of temperature and snow 
depth on behavioral time budget, as well as the interactive effect of harassment and weather. 
Increasing temperature had strong positive effect on the foraging (z = 15.82, p < 0.005) behavior 
of geese, moderate negative effects on alert (z = -5.14, p < 0.005) and resting (z = -3.96, p < 
0.005) behaviors, and no effect on flight (z = -0.16, p = 0.87; Figure 164.11) behavior. Snow 
depth had similar but inverse effects on foraging (z = -11.03, p < 0.005), alert (z = 6.17, p < 
0.005), and resting (z = 3.34, p < 0.005) behaviors, but it differed in its effect on flight (z = -5.16, 
p < 0.005; Figure 164.11). For geese that used the harassment site, there was an interactive effect 
of harassment and temperature on alert (z = 2.63, p = 0.008) and foraging behaviors (z = -2.21, p 
= 0.03), but not resting behavior (z = -0.45, p = 0.66) or flight (z = 0.00, p = 1.0). Likewise, there 
was an interactive effect of harassment and snow depth on foraging behavior (z = -102.95, p < 
0.005) but not alert (z = -0.72, p = 0.47), resting (z = 0.11, p = 0.92), or flight behaviors (z = 
0.00, p = 1.0).  
Dispersal and Survival 
Most geese that wintered in the Chicago area survived (Ss = 86.2%, n = 65 
goose/winters) for the duration of the study period. The proportion of geese that departed the 
area did not differ between seasons (2017, 6 of 34 goose/winters; 2018, 4 of 31; Gadj = 0.27, p = 
0.60). Local breeders left the study area during winter at a similar rate (3 of 28 goose/winters, n 
= 17) as geese from other breeding regions (7 of 37 goose/winters, n = 30; Gadj = 0.81, p = 0.37). 
Geese that were harassed left at a similar rate (5 of 19, n = 13) to geese that were not harassed (5 
of 46, n = 34; Gadj = 2.14, p = 0.14). Only 5 birds died during the study and there was no 
difference in the percentage that died that were harassed (2 of 19) compared to those that were 
not harassed (3 of 46; Gadj = 0.25, p = 0.63). Mortality events occurred during periods of colder 
temperatures and deeper snow [average temperature of -5.8° C (± 2.28) and snow depth = 8.0 cm 
(± 3.8)] compared to the study period (1 December – 1 March 2017 – 2019) means of -2.8° C 
and 3.0 cm. 
Molt Migration 
We captured 157 Canada geese in Toronto (n = 58 geese) and northeastern Illinois (n = 
99 geese). We captured 37 geese in northeastern Illinois during nesting and 62 during winter in 
Illinois of which 20 nested in southeastern Wisconsin (n = 20 nests), 10 in Thunder Bay, Ontario 
(n = 20 nests), and 21 in Illinois (n = 27 nests). Geese transmittered in Toronto were captured 
during nesting (n = 56) or during molt (n = 2). We recorded 206 nests, of which 69 were 
managed (33.5%) and 8 of which resulted in second nest attempts (11.6%). Of 137 unmanaged 
nests in this study, 61.3% failed due to nest depredation, abandonment, or removal (n = 84 
nests), 30.7% were successful (n = 42 nests), nest fate could not be determined for 5.8% (n = 8 
nests), and 2.2% failed due to depredation of the female (n = 3). Mean estimated incubation 
length was 15.5 and 13.8 days for failed and managed nests, respectively, and 28.6 days for 
successful, first nest attempts (Table 164.4). Mean start date of first nest attempts was the first 
week of April, while second nest attempts occurred in the first two weeks of May (Table 164.4). 
We recorded 41 molt migrations (29.9% of failed nesters) originating from 137 managed and 
unmanaged failed nests, excluding renesting geese. In addition, we recorded 49 instances of 
individuals not nesting (i.e. non-breeding; n = 37 geese), of which molt migration occurred in 22 
instances (42.9%). The overall rate of molt migration was 33.3% (n = 186 goose/seasons) for 
non-breeding and failed nesting Canada geese. Of non-breeding and failed-nesting geese that 
were alive in consecutive seasons, 14% molt migrated in both years, 61% did not molt migrate in 
either year, 25% switched behaviors from one year to the next.  
Distribution and timing 
Transmittered geese either molted near nest sites (x̄ = 5.3 km ± 1.4 SE) or undertook a 
long-distance molt migration to the Subarctic (x̄ = 2,199.5 km ± 6.4) with few exceptions (Figure 
164.12). Geese departed breeding areas at the end of May and early June (x̄ = 6-Jun ± 1.3 days 
SE) and arrived in the Hudson Bay region on average 3 days after departure (x̄ =9-Jun ± 0.9 
days; Table 164.5). Geese that molt migrated from breeding areas in Illinois, Wisconsin and 
Thunder Bay, Ontario molted along western Hudson Bay, north of Churchill, Manitoba (58.8°N, 
-94.2°W) and as far north as Baffin Island, Nunavut (70.0°N, -82.7°W, Figure 164.13). Toronto 
breeding geese molt migrated to areas along southeastern Hudson Bay near Umiujaq, Quebec 
(70.0°N, -82.7°W) to south of Ivujivik, Quebec (62.4.0°N, -77.9°W). Geese remained in 
northern portions of the Hudson Bay region for ~3 months (x̄ = 83.7 days ± 2.5) until 
approximately the last week of September (Table 164.5). Geese marked in northeastern Illinois 
often took more westerly routes south (during autumn migration) and several staged (>5 days) in 
parts of Manitoba, Minnesota, and Wisconsin (Figure 164.13), before returning to temperate-
breeding latitudes in September and October.  
Effects of landscape composition 
The top ranked model of probability of molt migration was the global model including 
the effects of all land uses and region (wi = 0.67) followed by the model including all land uses 
(wi = 0.31; Table 164.1). The probability of molt migration increased by 0.7% for every percent 
increase in crop and 1.8% for wetland and decreased by 0.4% for every percent increase in 
forest, 0.1% for urban, and 0.8% for waterbodies (Figure 164.14). In addition, the propensity to 
molt migrate was greatest for geese breeding in southeastern Wisconsin (76.4%, CI95 = 59.8 – 
94.0%), followed by northeastern Illinois (42.0%, CI95 = 32.2 – 51.8%), Toronto (13.7.0%, CI95 
= 3.3 – 24.1%), and Thunder Bay (3.8%, CI95 = -18.8 – 26.3%; Figure 164.14). 
Foraging behavior and duration of molt 
 Geese molting in the Subarctic spent 3.8 hr more time foraging each day (x̄ = 50.5% ± 
0.8 SE) than those molting in temperate regions (x̄ = 34.4% ± 1.2, F1,8867 = 118.65, P < 0.01) 
during June – August. Conversely, geese molting in the Subarctic spent 4.3 hr less in alert 
behaviors (x̄ = 34.4% ± 1.2) than those molting in temperate regions (x̄ = 34.4% ± 1.2, F1,8867 = 
319.4, P < 0.01). Subarctic molting geese received an average of 20.2 hr (± 4.4) of daylight 
during June and July compared to 15.0 hours (± 3.1) for temperate molting geese. However, the 
daily proportion of time spent foraging was greater in the Subarctic during June – August than 
temperate regions (Figure 164.15). Conversely, daily proportion of time spent in alert behavior 
was less in the Subarctic during June – August than temperate regions (Figure 164.15). The 
flightless period of failed-nesting Canada geese molting in the subarctic was longer (x̄ = 56.6 
days ± 3 SE) than those in molting temperate regions (x̄ = 30.1 days ± 4, F1,70 = 17.8, P < 0.01). 
There were no differences in the estimated start date of flightlessness between failed-nesting 
geese molting in the subarctic and temperate regions (x̄ = 16-June ± 2 SE, F1,70 = 1.3, P = 0.26), 
but end date of flightlessness was 27 days later in the Subarctic (x̄ = 11-Aug ± 4) than temperate 
regions (x̄ = 15-July ± 3, F1,70 = 59, P < 0.01).  
Survival 
For all non-breeding, failed-nesting, and successful breeding Canada geese, the top-
ranked model of monthly survival was the time-specific model (wi = 0.74%). Monthly survival 
varied with highest survival during June – August and lowest in September. The next supported 
model included the interaction of molt migration (did or did not) by time (wi = 0.26; Table 
164.2). Overall cumulative survival of all Canada geese was 83.2% (CI95 = 77.6 – 87.6%). Plots 
of cumulative survival by month revealed greater survival of molt migrants during May – August 
compared to temperate nesting geese but an 8.7% decrease during the month of September, 
resulting in similar end of period survival for those individuals that molt migrated and those that 
did not (Figure 164.16).  
We recorded 39 mortalities during May – October, including 30 geese marked in 
northeastern Illinois and 9 marked in Toronto. Of 39 mortalities, 13 were attributed to hunter 
harvest, 10 non-harvest causes (i.e., depredation, vehicle strike, etc.), 7 that left on molt 
migration but did not return (i.e., natural mortality, transmitter failure, etc.), and 8 for which 
cause could not be determined. The proportion of molt-migrating geese that were harvested was 
greater (x̄ = 13.4%, n = 67 molt migrations) compared to geese that remained in temperate 
regions (x̄ = 3.0%, n = 133 geese/years; Gadj=7.11, P <0.01). Molt migrating geese were 
harvested in Minnesota (n = 4), Wisconsin (n = 3), Ontario (n = 1) and New York (n = 1; Figure 
164.16). 
DISCUSSION 
Urban and Rural comparison 
 We examined differences in daily movement and habitat use between urban and rural 
wintering geese to better understand the overwintering strategies of geese in each area. This 
study found that geese overwintering near Midway International Airport were not leaving that 
area to access energy rich waster grain in the surrounding agricultural landscape. The apparent 
lack of access to these food sources points to a trade-off between safety and forage quality with 
geese in suburban areas likely taking more risk to access corn and other waste grain while urban 
wintering geese avoid risk of predation but are reliant on low quality forage. Movements of 
geese wintering urban areas move considerably less than those wintering in suburban areas. 
Urban geese are likely conserving energy by limiting movement distances.  
 Habitat use results presented here are preliminary. Cropscape data provides important 
data on the availability of corn and other agricultural crops but is limited by its resolution and 
generalized land uses for areas other than agricultural fields. We have hand digitized a habitat 
layer for urban portions of the study area and have begun doing the same for suburban portions. 
This data, merged with crop data, will provide fine scale resolution to determine what habitat 
geese are utilizing (i.e. parks, rooftops, parking lots). 
Harassment 
 Harassment as a tool to reduce conflicts associated with Canada geese is well studied 
(Smith 1999, Castelli and Sleggs 2000, Nolet et al. 2016). The results of harassment have been 
mixed and often determined to be ineffective. However, there has been limited work on the 
effects of harassment during winter in urban areas, a situation where movement is more 
energetically costly and access to quality forage is limited. However, our initial findings are 
similar to those of other harassment studies. We found effects of harassment on movements and 
behaviors in the short term but harassment did not accomplish the longer term goal of reducing 
Canada goose use at Marquette Park. The effectiveness of harassment in urban greenspaces is 
likely limited due to the reduction in use during periods of harsh winter weather when we 
hypothesized disturbance would be the most costly. Geese respond to these periods by moving to 
rooftops and rivers/canals where they are free of disturbance and may infer some thermal 
benefits regardless of harassment. 
Intersection  
 Previous studies have utilized transmitters to examine avian movements in relation to air 
operations with Canada geese (Rutledge et al. 2015) and vultures (Avery et al. 2011), but habitat 
use and movements likely differ greatly by species and region. The use of transmitter identified 
specific sites increasing the risk of Canada goose involve bird strikes with air traffic from MDW. 
Studies examining the effectiveness of harassment on urban Canada geese have been mixed 
(Smith et al. 1999, Sherman and Barras 2004, Seamans and Goss 2016). Several papers have 
suggested the large-scale management of Canada geese within an 8 km buffer of airports would 
be required for effective reduction of bird strike risk (Seamans et al. 2009, Rutledge et al. 2015). 
However, the abundance of suitable land uses for geese near MDW makes management at such a 
large scale difficult. However, the risk Canada geese pose to air operations is great and 
harassment efforts to reduce goose abundances near airports justified (Seamans et al. 2009) and 
few studies have examined the effects of harassment during winter months (Dorak et al. 2017). 
Rooftop and railyard habitats may provide thermal benefits and act as refuge from harassment 
efforts near airports (Dorak et al. 2017). We suggest harassment of Canada geese at these sites, 
known to intersect with air operations during winter has the greatest potential to reduce the risk 
of catastrophic bird strikes. 
 We advocate for the use of GPS-equipped transmitters to examine risks of avifauna to 
human health and safety. Fine-scale movement data derived from transmitters has a myriad of 
applications for guiding wildlife managers. For instance, we found movements to and from the 
Belt Way Clearing Yard (i.e., railyard) and nearby rooftops approximately, only 1.5 km from 
MDW, to greenspaces account for > 75% of transitional movements that intersected runway 
13/31 extensions. We believe geese are using this rail yard for foraging on waste and spilt grain 
while the use of rooftops is likely related to the lack of disturbance there. Further research should 
be used to examine responses to harassment activities (Rutledge et al. 2015) and exam airspace 
distribution of avifauna in relation to air traffic distribution to better examine bird strike risks 
(Avery et al. 2011). Additional research is needed to better understand response of Canada geese 
to harassment in urban areas and understand thermoregulatory balance in these areas. 
Molt migration  
Our results provide insights into the effects landscape composition in breeding areas and 
conditions in the Subarctic and during migration that influence the costs and benefits of 
undertaking long-distance molt migrations. The propensity to molt migrate was weakly and 
negatively correlated to urbanization (Sheaffer et al. 2007, Luukkonen et al. 2008), but indicated 
strong effects of waterbodies on decreased incidence of molt migration (Fox et al. 2014). 
Waterbirds likely confer reduced predation risk due to increased visibility and escape from 
predators and likely played a strong role in the evolution of simultaneous, remigial molt as only 
waterbirds exhibit this behavior (Jehl 1990, Fox et al. 2014). Well maintained and fertilized turf 
lawns are common along the shores of most urban waterbodies providing the resources necessary 
for molt adjacent to safe areas away from most predators (Gates et al. 1993, Fox et al. 2014). The 
correlation of waterbodies to adjacent turf lawns in urban areas may be driving observed 
decreased propensity to molt migrate from urban areas (Luukkonen et al. 2008). This 
relationship may be further evidenced by the relatively low rates of molt migration from 
breeding areas adjacent to Great Lakes, providing adequate grazing areas and reduced predation 
risk. Anecdotally, geese that nested in areas with the lowest propensity to molt migrate 
(individuals in Thunder Bay and Toronto) used near shore areas of Lake Superior and Lake 
Ontario, respectively, more extensively than geese in northeastern Illinois use Lake Michigan. 
Likewise, emergent marshes provide important molting and nesting areas for many 
species of waterfowl as they offer safety from predators and food abundance (Ringelman 1990, 
Fleskes et al. 2010). However, our results demonstrated a greater proportion of non-breeding and 
failed geese departing from areas of wetlands, primarily in Wisconsin, on molt migration. Our 
transmittered geese nested in and around Horicon Marsh, a large emergent cattail marsh, that is a 
major breeding and fall staging area for Canada geese (Kennedy and Arthur 1974, Heinrich and 
Craven 1992). We suggest the effects of landscape composition and potential social dynamics of 
this area best represent historic conditions under which molt migration evolved. The high rates of 
molt migration from this and other wetland areas across the upper Midwest, are likely driven by 
limited foraging areas in the marsh and surrounding agricultural landscape as well as higher 
densities of geese including socially dominate, family flocks (Raveling 1970, Bêty et al. 2004).  
Despite subarctic-molting geese spending more time foraging and less time alert 
indicating in a presumably high-quality foraging environment, our estimates of flightless 
duration were nearly twice as long as geese in temperate molting areas. Flight is an important 
predator avoidance behavior (Blumstein 2010, Eichholz et al. 2012) and reducing the length of 
time flightless should be adaptive under the threat of predation (Fox et al. 2014). However, our 
data suggests the choice to molt in the subarctic is largely driven by predation risk during the 
molting period and that a longer flightless period might reflect decreased perceived predation 
risk, either due to differences in predator communities, densities, or availability of escape 
habitat. We note that our measurement of the flightless period relied on actual incidences of 
flight rather that the growth of remiges adequate for flight, and it is possible that geese in the 
Subarctic are capable of flight earlier but do not fly for alternative reasons, such as a 
combination of the habitat they use, the predators in the area, and the perceive disturbances 
might have resulted in the differences in flightlessness. 
Ultimately the strategy of whether to molt migrate has evolved in the context of fitness 
and specifically survival. Model selection indicated models that including nest success on 
monthly survival performed poorly relative to the null, suggesting no differences between non-
breeding, failed nesting, and successful breeding geese. There was also no difference between 
those individuals that molt migrating compared to those molting in temperate regions, however, 
the interactive model of molt migration by month revealed a significant decrease in survival of 
molt migrants during September, coinciding with the return migration and early hunting seasons 
(i.e. 15-August – 15- September). While more research is needed it appears that molt migrants 
survive at a high rate while molting in the Subarctic but are more likely to be harvested on their 
autumn migration to their temperate wintering grounds.  
 The effects of breeding area on whether a goose molt migrated was the third ranked 
model (AICc value >2) and therefore while not the primary factor, there appears to be regional 
variation in the propensity to molt migrate. Previous studies have proposed genetic or social 
dynamics as a potential reason for low rates of molt migration from some areas (Sheaffer et al. 
2007). Temperate-breeding Canada goose populations are partially the result of re-introduction 
and introduction efforts following near extinction of giant Canada geese (Branta canadensis 
maxima) in the first half of the 20th century (Hanson 1965). While the origins and genetic 
makeup of geese in our breeding areas is unknown, it is likely that information on molting areas 
is transferred socially in complex ways due to the social and familial structure of goose 
populations. Repopulation through both natural and artificial re-introductions from other 
populations of large-bodied Canada geese may have led to complex spatial variation in molt 
migratory behavior due to artefacts from those populations. The fact that individuals changed 
strategies yearly regarding whether to molt migrate may suggest the behavior is mediated by 
social factors as opposed to innate behaviors. Further investigation into whether recently 
introduced populations of Canada geese in Europe and New Zealand molt migrate and if so 
where they migrate to, would provide additional information on the underlying mechanisms 
associated with molt migration.  
Variation in molt migratory behavior, both among and within breeding areas and 
individuals, highlights the plasticity of this trait, suggesting human-altered landscapes and 
hunting has potential to make molt migration less adaptive and results in population level 
differences in propensity for molt migration. A thorough understanding of the spatial variation in 
molt migration and related landscape can guide management of nest management to reduce 
conflicts during the molting period and guide harvest management. Previous studies have 
suggested nest removal may serve as an important tool for indirectly affecting adult survival 
rates as molt migrants return through hunted areas in the fall (Sheaffer et al. 2007, Dieter and 
Anderson 2009). Harvest mortalities of molt migrants from this study support effects of hunting 
pressure on adult survival of geese. However, lower rates of molt migration were associated with 
urban areas compared to rural areas. This suggests hunting pressure, coupled with the use of 
urban areas for molting, has likely increased the cost of molt migration and provided increased 
selection pressure for nesting and molting in urban areas.  
FUTURE DIRECTION 
 Ryan, the PhD student on the project, successfully defended his dissertation in July 2021. 
We are continuing to work on submitting manuscripts on trade-offs associated with wintering in 
urban-rural areas and factors influencing molt migratory behavior. Lastly, we have been happy to 
work with Outdoor Illinois to publish popular articles on molt migration and southward 
departure from the GCMA. The project has deployed 124 transmitters and currently have > 20 
transmitters functioning with birds located from Chicago to parts of Hudson Bay. The project 
will continue examine questions dealing with movements throughout the annual cycle including 
movements associated with the nesting and post-nesting period. Additionally, we are 
collaborating with Chris Sharp of the Canadian Wildlife Service to examine differences in winter 
migratory behavior between the populations, molt migration, and susceptibility to harvest.  
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Table 164.1 Candidate generalized linear mixed effects models representing the effects surrounding landscape composition of non-
breeding and failed nesting Canada goose (Branta canadensis) on molt migration from temperate breeding areas during 2019 – 2020. 
We report model parameters, number of parameters (K), Akaike’s Information Criterion for small sample sizes (AICc), difference in 
AICc from the top model (▲AICc), AICc weight (Wi), and log-likelihood [Log (L)]. 
Models K AICc ▲AICc Wi Log (L) 
Crop + forest + urban + water + wetlands + region 11 202.18 0.00 0.67 -89.45 
Crop + forest + urban + water + wetlands 8 203.70 1.52 0.31 -93.51 
Region 6 209.88 7.69 0.01 -98.74 
Region * water 7 213.39 11.21 0.00 -99.43 
Region * wetland 7 214.86 12.67 0.00 -100.16 
Wetlands 4 219.86 17.68 0.00 -105.84 
Region * urban 7 221.38 19.20 0.00 -103.42 
Crop 4 224.34 22.16 0.00 -108.08 
Water 4 227.92 25.73 0.00 -109.86 
Forest 4 241.20 39.02 0.00 -116.51 
NULL 3 241.71 39.53 0.00 -117.80 
Urban 4 243.14 40.96 0.00 -117.48 
Table 164.2 AICc model selection table of monthly survival of Canada geese (Branta canadensis) associated with naturally failed 
nests or artificially managed nests. We report model parameters, number of parameters (K), Akaike’s Information Criterion for small 
sample sizes (AICc), difference in AICc from the top model (▲AICc), AICc weight (Wi), and log-likelihood [Log (L)]. 
Models 
# 
Parameters AICc ▲AICc Weight Deviance 
S(~Time) 6 314.30 0.00 0.70 201.64 
S(~Molt migrated*time) 12 316.05 1.75 0.29 191.20 
S(~NULL) 1 325.26 10.96 0.00 222.67 
S(~Molt migrated) 2 327.18 12.88 0.00 222.58 
S(~Nest area) 7 330.27 15.97 0.00 215.59 
S(~Year) 6 330.56 16.26 0.00 217.90 
S(~Molt migrated*nest area) 13 335.02 20.72 0.00 208.13 
S(~Breeding success) 8 335.93 21.63 0.00 219.22 
S(~Nest area*time) 42 359.53 45.23 0.00 171.82 
S(~Breeding success*time) 48 374.01 59.71 0.00 173.33 
Table 164.3 Mean proportion (± SE) of alert, foraging, resting, flight, and other/unclassified behaviors. Statistical differences from the 
harassed site – no harassment occurred to parks without harassment, and the harassed site – hour after harassment to harassed site – no 
harassment occurred based on binomial, generalized linear mixed effects models denoted by • < .1, * < 0.05. Greenspaces – Not parks 
consisted of any area of vegetation not contained in city parks (ex. golf courses, cemeteries), developed include any constructed 
surfaces (ex. rooftops, parking lots, industrial areas), and waterbodies are any area of open water (ex. ponds, rivers, wetlands). 
 





- Not harassed 




Not parks Manmade Waterbodies 
Alert 27.3 (± 5.0) 24.0 (± 6.7) 30.1 (± 7.8)• 23.2 (± 3.9) 33.8 (± 4.9) 42.7 (± 5.1) 
Feeding 44.4 (± 5.6) 40.6 (± 7.5) 37.8 (± 7.8)* 47.6 (± 4.7) 25.7 (± 4.2) 18.5 (± 3.6) 
Resting 6.7 (± 3.0) 16.4 (± 6.9) 13.1 (± 6.7) 7.2 (± 2.7) 14.8 (± 4.4) 14.1 (± 4.0) 
Flight 4.0 (± 1.9) 2.3 (± 1.8) 4.2 (± 2.7)* 4.2 (± 1.7) 3.5 (± 1.6) 2.2 (± 1.1) 
Table 164.4 Count of nest fate (n = 207 nests) with mean start and end date of incubation (± SE) for temperate-breeding Canada geese 
(Branta canadensis) during 2015 – 2020.  
  
Incubation 
Nest fate # of nests Start End Duration 
Failed 84 (n = 53 geese) 15-Apr (± 1.3) 28-Apr (± 1.4) 15.5 (± 1.1) 
Removed 64 (n = 51 geese) 6-Apr (± 1.1) 21-Apr (± .8) 13.8 (± 0.9) 
Successful 39 (n = 28 geese) 10-Apr (± 2.2) 9-May (± 2.2) 28.6 (± 0.5) 
Unknown 8 (n = 7 geese) 23-Apr (± 2.3) 10-May (± 4.0) 14.9 (± 4.2) 
2nd nest -failed 5 (n = 5 geese) 11-May (± 2.6) 20-May (± 2.4) 9.2 (± 1.5) 
2nd nest -successful 3 (n = 3 geese) 7-May (± 2.7) 5-Jun (± 2.3) 29.0 (± 0.6) 
Table 164.5 Dates of departure from and return (± SE) to the temperate-breeding region of failed- and non-nesting Canada geese 
(Branta canadensis) transmittered in Chicago and Toronto during 2015 – 2020. 
Nest 
state n Spring departure Spring arrival Fall departure Fall Arrival 
IL 39 9-Jun (± 1.5) 9-Jun (± 1.2) 12-Sep (± 3.1) 18-Sep (± 2.6) 
ON 13 10-Jun (± 2.2) 11-Jun (± 2.2) 17-Sep (± 4.7) 9-Sep (± 4.1) 
WI 20 30-May (± 2.5) 7-Jun (± 1.5) 24-Sep (± 3.2) 1-Oct (± 4.1) 
  
Figure 164.1 Capture locations of Canada geese (Branta canadensis) marked in urban portions of the Greater Chicago Metropolitan 
area during 2015 – 2019. 
 
Figure 164.2 Map of study area surrounding Midway International Airport in Chicago, Illinois, USA with important sites used by 
Canada geese (Branta canadensis) in winter, water bodies, and capture sites.
 
Figure 164.3 Comparison of timing of harvest and non-harvest mortalities of transmittered 




Figure 164.4 Locations of harvest mortalities, non-harvest mortalities, and transmitters that 
failed or cause was unable to be determined of Canada geese (Branta canadensis) transmittered 
in northeastern Illinois during 2015 – 2021.
 
Figure 164.5 Interactive effects of landscape (rural and urban) with mean weekly temperature 
(°C) on weekly survival estimates of Canada geese (Branta canadensis) in the northeastern 
Illinois during winters (October – March) of 2015-2021.
 
 
Figure 164.6 Interactive effects of cause, harvest or non-harvest, with mean weekly temperature (C°), % of rural land uses (Cornfield, 
Soybean, and idle agricultural fields) on probability of Canada geese (Branta canadensis) in northeastern Illinois during winter, 2015-
2021.
 
Figure 164.7 Model results of linear mixed effects models with interaction between rural- and urban-wintering with polynomial terms 
of mean daily temperature on daily movement distance (km) and mean overall dynamic body acceleration (ODBA) of Canada geese 
(Branta canadensis) wintering in northeastern Illinois during winter of 2015 – 2021.  
 
Figure 164.8 Effects of mean daily temperature on change in latitude from the season mean latitude (season mean – daily mean) and 
change in % rural land uses in weekly utilization distributions from the season mean of Canada geese (Branta canadensis) wintering 
in northeastern Illinois during winter of 2015 – 2021. 
 
Figure 164.9 Average daily proportion in the park for Canada geese (Branta canadensis) 
assigned to Marquette Park by day of season in Chicago, Illinois during 1 December – 1 March 
during 2017–2018 and 2018–2019.
 
Figure 164.10 The effects of average daily temperature and average daily snow depth on proportional use of developed, 
greenspaces, and water land covers by Canada geese (Branta canadensis) in the Chicago area during 1 December – 1 March 
during 2017–2018 and 2018–2019. 
 
Figure 164.11 The effect of temperature (A) and snow depth (B) on daily proportion of time spent in alert, foraging, flight, other, and 
resting behaviors by Canada geese (Branta canadensis) in the Chicago area during 1 December – 1 March during 2017–2018 and 
2018–2019.
 
Figure 164.12 Mean distances of transmittered Canada geese (Branta canadensis) from nest 
sites of failed-nesting molting in temperate and subarctic regions during March – April of 2015 – 
2020.
Figure 164.13 Map depicting breeding areas and molt migratory routes of all Canada geese (Branta canadensis), during March – 
October 2015 – 2020, transmittered in northeastern Illinois and Toronto, Ontario.
 
Figure 164.14 Effects of cropland, forest, urban land uses, water, wetlands, and breeding region on the probability of molt migration 
of Canada geese (Branta canadensis) from breeding areas in the upper Midwest during 2015 – 2020. 
 
Figure 164.15 Estimates of daily proportion of time spent foraging between Canada geese (Branta canadensis) molting in temperate 
regions (n = 106 geese) compared to those in the Subarctic (n = 37 geese) by month during 2015 – 2020, weighted by daylight hours 
to account for differences in day length. Significance (P < 0.05) denoted by (*) next to each month. 
 
Figure 164.16 Cumulative survival by month from Known-Fate models of the effects of molt 
migration*time on all (failed, non-breeders, successful breeder) Canada goose (Branta 
canadensis). Non-molt migrate birds includes non-breeders and failed breeders that did not 
molt migrate and successful breeders, whereas, molt migrating birds includes non-breeders and 
failed breeders that molt migrated. The shaded areas are standard errors. 
 
Figure 164.17 Distribution of mortalities of Canada geese (Branta canadensis) associated with 
geese undertaking molt migration (left) and temperate-molting geese (right) by fate. We 
classified mortalities as non-harvest if movements indicated a stationary carcass and harvest 
based on reports from hunters or locations indicating transmitters being located in vehicles or 
homes. 
  
STUDY 165: Aerial Shorebird Inventory 
Objectives  
At major shorebird migration stopovers within and nearby the Illinois River valley and other 
locations in central Illinois within BCR 22 of Illinois and the UMRGLR Joint Venture, we 
propose to: 
• Document abundance and distribution of shorebirds using a minimum of 12 aerial 
surveys in and near the central Illinois River valley during spring (n = 6 surveys) and 
autumn (n = 6 surveys) migration,  
• Summarize and distribute these data to agency personnel, research collaborators, the 
scientific community, and the general public through popular articles, oral presentations, 
technical reports, peer-reviewed publications, and other means, and 
• A popular article (~500 words and 2 photos) describing the project will be provided to 
Illinois Department of Natural Resources by the grant end date. 
 
Methods 
We scheduled 12 shorebird surveys during the fiscal year. We flew shorebird surveys at 
important and traditional stopover locations along the Illinois River valley (IRV; e.g., 
Chautauqua and Meredosia National Wildlife refuges), and other potential stopover locations 
(e.g., Emiquon Preserve, Banner Marsh, Crane Lake, Jack Lake, Billsbach Lake, etc.) across a 
spectrum of river-floodplain connectivity (disconnected, partially connected, open connection) 
and ownership classes (public, private) within BCR 22 of Illinois and the Joint Venture region 
(Havera 1999). This region is characterized by extensive wetland loss and modification to 
facilitate agriculture and is generally representative of the BCR 22 landscape across the 
UMRGLR Joint Venture region (Dahl and Alford 1996, Dahl 2006). The Illinois and Mississippi 
rivers have been channelized and segmented by locks and dams, which create alternating narrow 
reaches and extensive pools with shallow flats where sediments accumulate (Havera 1999). The 
lock and dam navigation system creates unnatural hydrology where water levels are maintained 
high, and flood events can deeply inundate backwater wetlands, riverbanks, and associated 
mudflats for long periods during spring, summer, and/or fall. In recent years, spring and early 
summer high-water levels have inundated much of the backwater wetlands and associated 
mudflats along the Illinois River making them unavailable to spring migrating shorebirds (S. 
Havera, Illinois Natural History Survey, pers. comm.). Many wetlands in the region are highly 
degraded and most remaining wetlands contain alternative vegetation communities or managed 
specifically for target species, such as dabbling ducks (Dahl and Alford 1996, Havera 1999, 
Stafford et al. 2010). Thus, an efficient and prioritized wetland conservation strategy guided by 
current science is needed to ensure efficient allocation of conservation funding to projects 
targeting habitats important to focal species (e.g., shorebirds; Potter et al. 2007, Schultheis and 
Eichholz 2013).  
We conducted low-altitude, inventory-style aerial surveys of floodplain wetlands along 
the Illinois River (Appendix 165.1) using fixed-wing aircraft of shorebirds weekly from late July 
through early September and late April through May. Aerial inventories provided a total count of 
shorebirds at each site or discrete area surveyed. Aerial observers recorded the number of large 
(e.g., lesser yellowlegs [Tringa flavipes], greater yellowlegs [Tringa melanoleuca]; dunlin 
[Calidris alpina], killdeer [Charadrius vociferus], short-billed dowitcher [Limnodromus 
griseus]),  etc.) and small (e.g., pectoral sandpiper [Calidris melanotos]; least sandpiper [Calidris 
minutilla]; western sandpiper [Calidris mauri]; semipalmated sandpiper [Calidris pusilla]; 
sanderling [Calidris alba], etc.) shorebirds encountered.  
Results 
During late-summer 2020, we completed 6 aerial shorebird surveys of the Illinois River 
from near Spring Valley, Illinois to near Meredosia, Illinois (Appendix 165.1).  We also 
completed all planned surveys (n = 6) during spring 2021 in the IRV.  Shorebird abundance in 
the IRV was greater during late-summer surveys compared with spring (Table 165.1).  Over the 
period (2016–2021), average weekly shorebird abundance (28,526) during late summer was 18 
times more than the average weekly abundance during spring (1,531).  More comparisons and 
analyses will be made as the shorebird database grows in future monitoring efforts.  
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Table 165.1  Total number of shorebirds in the Illinois River valley from late-summer 2016–
2020, and spring 2018–2021.  Spring surveys were not flown in 2020 due to Stay-at-Home 
Orders from Governor Pritzker due to the Covid-19 Pandemic. 
 
Date Large Small Total 
8/3/2016 5,885  9,255  15,140  
8/11/2016 40,185  43,340  83,525  
8/18/2016 22,130  11,375  34,065  
8/25/2016 2,125  1,370  3,495  
8/3/2017 1,425  3,235  4,660  
8/10/2017 3,395  5,870  9,265  
8/15/2017 6,275  11,845  18,120  
8/24/2017 4,455  6,135  10,590  
8/29/2017 11,975  5,310  17,285  
4/25/2018 915  790  1,705  
5/4/2018 1,370  640  2,010  
5/7/2018 945  2,375  3,320  
5/14/2018 495  2,565  3,060  
5/18/2018 450  2,090  2,540  
8/3/2018 15,405  9,970  25,375  
8/9/2018 14,190  16,100  30,290  
8/22/2018 7,070  5,875  12,945  
8/30/2018 2,935  1,550  4,485  
9/5/2018 2,579  2,139  4,718  
5/3/2019 80  80  160  
5/10/2019 235  200  435  
5/16/2019 110  115  225  
5/20/2019 40  50  90  
5/28/2019 80  30  110  
8/1/2019 13,540  27,790  41,330  
8/6/2019 21,180  16,590  37,770  
8/16/2019 25,615  9,055  34,670  
8/22/2019 24,150  7,620  31,770  
9/5/2019 19,015  4,170  23,185  
9/10/2019 12,115  1,920  14,035  
8/3/2020 15,660  11,025  26,685  
8/11/2020 24,715  19,735  44,450  
8/20/2020 41,250  26,805  68,055  
8/26/2020 48,265  32,885  81,150  
8/31/2020 45,030  27,065  72,095  
9/9/2020 9,135  1,835  10,970  
4/21/2021 1,050  1,580  2,625  
4/30/2021 1,685  2,195  3,880  
5/5/2021 690  1,660  2,345  
5/11/2021 555  1,415  1,960  
5/21/2021 85  135  210  
5/26/2021 90  60  150  
 
  
Study 166 - Waterfowl banding crew Yorkton, Saskatchewan 
 
Objectives: 
We will participate in the pre-season banding program at the Yorkton Banding Station in 
Saskatchewan during summer 2019. Specifically, we will: 
 
1) Send an experienced biologist to lead banding efforts near Yorkton, Saskatchewan during 
August 2019, 
2) Repair and build wire swim-in traps as necessary, and 
3) Enter, summarize and submit banding data.   
 
Introduction 
During September 2020, Andy Gilbert was the crew leader of the Western Canada 
Cooperative Waterfowl Banding Program at Sand Lake National Wildlife Refuge, South Dakota.  
This pre-season waterfowl banding is a joint effort between the United States Fish and Wildlife 
Service, Canadian Wildlife Service, state and provincial wildlife management agencies, the 
Flyway Councils, First Nations, and non-governmental waterfowl advocacy and research 
organizations.  Due to the US/Canada international border being closed, banding operations for 
2020 were moved from Yorkton, Saskatchewan to South Dakota.   
 
Methods 
During August and September, ducks were captured using swim-in traps and rocket nets 
at a variety of wetlands near Sand Lake National Wildlife Refuge, South Dakota, USA. Rocket 
nets and traps were baited with barley and traps were checked daily for duck capture. All 
captured ducks were aged, sexed, and banded with an aluminum leg band. Once banded, ducks 
were be released at the capture location. 
 
Results and Discussion 
From August 4th to September 25th, a total of 4,866 ducks were banded in 166 trap nights 
and 11 rocket net shoots.  We also had 13 foreign recaptures throughout the trapping season.  All 
foreign recaptures were from mallards and most were originally banded at Sand Lake NWR in 
previous years. A total of 11 species were banded throughout the trapping season including blue-
winged teal, mallard, green-winged teal, redhead, northern pintail, wood duck, ruddy duck, 
gadwall, American wigeon, canvasback, and ring-necked duck (Table 166.1).  Blue-winged teal 






Table 166.1 Species, age, and sex breakdown of ducks banded at Sand Lake NWR and on 
surrounding properties during August through September 2020.   
Species 
Female Male 
Total AHY HY AHY HY 
BWTE 552 1367 162 1349 3430 
MALL 316 146 316 54 832 
AGWT 45 24 104 56 229 
REDH 7 101 0 84 192 
NOPI 38 27 14 10 89 
WODU 10 6 46 15 77 
RUDU 0 5 0 1 6 
GADW 0 3 0 2 5 
AMWI 1 0 1 2 4 
CANV 0 1 0 0 1 
RNDU 0 0 0 1 1 
Total 969 1680 643 1574 4866 
 
  
STUDY 167: Moist-Soil Management Workshops 
Objectives 
• To demonstrate to IDNR staff the application of moist-soil management techniques, to 
provide high quality migratory and wintering wetland bird habitat across the state of 
Illinois, and 
• To provide an opportunity for station staff and IDNR staff to discuss areas where future 
research into wetland management could help IDNR staff make more informed decisions. 
 
Due to COVID-19 we adapted our workshops to a virtual format and held two zoom based 
intro to moist soil management workshops on September 8 and 15, and an advanced workshop 
on September 22. These workshops included presentations on the foundational concepts of moist 
soil management, new research, and photo based time series of different sites throughout the 
summer of 2020 to show how different moist soil management techniques influence the plant 
response at a given site.  
  
STUDY 168: Use of Motus to track wetland birds 
Objectives 
• Determine the efficacy of Motus (automated telemetry) tags for the tracking of waterfowl 
(specifically postbreeding Wood Ducks) in the IRV in comparison to more traditional 
ground tracking of VHF tagged birds to answer questions about migratory departure 
timing and habitat use, and  
• Determine the efficacy of Motus (automated telemetry) tags for the tracking of rails in the 




The study of bird movement has been ongoing for over a century, and new technologies 
have been developed that allow for different types and resolutions of questions to be answered, 
including banding, VHF tags, geolocators, GPS tags, among others. Each of these has a cost and 
a benefit, in terms of its impact on the individual bird, the type and quality of data received, and 
financial cost and effort involved with deploying devices. Methods such as bird banding can be 
highly effective for species which are banded and harvested in large numbers over vast areas, 
such as many species of waterfowl, to answer questions about certain migratory movements and 
annual survival (Burnham and Nichols 1985). For species not banded or harvested in large 
numbers, other methods of tracking their migration, or evaluating their survival are necessary, 
such as color banding or VHF or GPS tracking (Sharpe et al. 2009). Color banding and VHF 
tracking can be highly effective for local scale questions but require large amounts of effort to 
collect data (Lopez-Lopez 2016). GPS tracking can be effective, when the tags work as 
advertised, but are much more expensive than VHF tags, and tag effect on individuals may bias 
animal behaviors (Trefry et al. 2013; Bodey et al. 2018). A technique that has been growing in 
use across eastern North America, and now stretching into Central and South America (Fig. 4), is 
a coordinated network of automated telemetry towers, called Motus (motus.org). These towers 
are all trained on the same frequency, and record detections of any tags that pass by them, and 
each individual receives a tag with a signal that has a unique pattern, so that it can be 
distinguished from other tags. These tags are light weight (<5 grams, some <1 gram), which 
helps to limit the impact on an individual bird, and low cost (under $300 a piece, 10% of what 
many GPS tags cost), which can help increase sample sizes, often a limitation of GPS tagging 
efforts due to high financial costs. While these techniques have been widely used to study the 
migration of passerines, Motus tags and towers have had limited use to date in the study of 




We established 4 Motus towers around Chautauqua National Wildlife Refuge, Emiquon 
National Wildlife Refuge and The Emiquon Preserve in Summer 2020. One was located on the 
Chautauqua National Wildlife Refuge fire tower, the other three were on The Emiquon Preserve, 
one near the pumphouse, one farther north along the river levee, and one near The Nature 
Conservancy Office. Tower were placed to optimize coverage of the three properties. Wood 





We captured 5 Wood Ducks at The Emiquon Preserve in August 2020 and tagged them 
with a normal VHF tag (part of Study 160) and a Motus tag. We captured 32 Sora and Virginia 
Rail (20 Virginia Rail 12 Sora) at The Emiquon Preserve in Spring 2021 and tagged each with a 
Motus tag.  
During Fall 2020 we had issues with the telemetry towers, which were ultimately solved 
by using larger solar panels. These issues largely prevented us from doing a direct comparison of 
results form a VHF and Motus tagged bird, since the Wood Ducks tagged with both tags left the 
area before we had the towers working at full strength.  
Through experimentation on our towers, and towers owned and maintained by Mike 
Ward in Urbana Champaign we were able to identify why we weren’t getting regular detections 
from our tagged Wood Ducks. As a result of this testing, the antennae were turned 90 degrees on 
the towers, to better attenuate the signal when the transmitter is near water. These altered tower 
designs were tested in Spring 2021. In addition the tower near The Nature Conservancy office 
was moved along the highway on the west side of The Emiquon Preserve to provide stronger 
overlap in coverage between the existing towers.  
For Wood Ducks and Rails we got clear signals on multiple towers when birds were in 
the air, especially when birds were departing the local area on migration. For Rails which spent 
their time within ~1.5 km of a tower, we were able to obtain additional information beyond 
presence/absence or migratory departure. We were also able to assess the activity level of the 
bird, often with dozens if not hundreds of data points each day (FIGURE). Chad Cremer, new 
MS student at UIUC starting Fall 2021 is digging into this dataset to better understand what it 
can tell us about rail spring stopover, including whether that is a change in daily 
activity/behavior in the days leading up to migratory departure. These data will be incorporated 
into the Spring rail migration study in 43R-69 to more fully study their stopover ecology.  
Two of our Spring 2021 tagged Rails were detected <48 hours after departure at towers in 
the Twin Cities in Minnesota, and outside of Madison Wisconsin. These tags will be active for 
~13 months and so may be detected in Fall 2021 and Spring 2022 migrations as well at our 
towers, or in other towers in the broader network.  
 
Future Directions 
Once we determined the best way to set up the towers to detect birds wearing tags near water, we 
found this automated telemetry system to be effective for tracking the movements, stopover 
activity and migratory departure of rails. While we did not collect the data we expected on 
waterfowl, through the testing we’ve done of the towers, and our experience with the rails, we 
feel these tags could be useful for some questions about waterfowl migration, stopover and 
habitat use, depending on the scale of the question and the time of year.  
Motus towers are unlikely to replace the level of information we can obtain through 
direct tracking studies (Study 160) where birds are triangulated day and night for months at a 
time. Direct tracking provides a level of detail that would require dozens of motus towers to 
attempt to mimic. In addition Motus tags do not have mortality switches, so confirming 
mortalities would be more complicated. But for questions about migratory timing out of the 
region, or movement among a specific set of sites, where towers could be set up to cover the 
areas of interest, the potential could be quite powerful, as it would require fewer people hours to 
track the birds, as well as fuel. Compared with GPS tagged birds, there are also differences in 
data coarseness, but the cost per tag is also substantially different (<$300 for motus, >$2500 for 
GPS tags), and so while Motus data may have limitations, for the right questions, it could allow 
for substantially higher sample sizes, with a much smaller and lighter tag, which would be less 
likely to impact the birds behavior or survival.  
The towers will be used for the Spring and Fall Rail projects in 43R-69, and can continue 
to be used, and moved around the region and the state for future projects and goals.  
 
  
